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PolvmerizablB cf ™ r» 9 » iQn procpcg fnr nroducinq cross-linked polymers, and 
cross-linkable polymers 

The present invention relates to a composition of unsaturated polymers, in the 
polymer backbone of which is bonded a strained cycloalkenylene. with a one- 
component catalyst for metathesis polymerization which is induced thermally or by 
actinic radiation; a process for the polymerization of the composition; materials 
coated with the composition or the polymerized composition, and shaped articles 
of the crosslinked polymers; and crosslinkable polymers. 

Thermally induced ring-opening metathesis polymerization using catalytic amounts 
of metal catalysts has already been known for a relatively long time and described 
in many cases in the literature [see. for example. Ivin. K.J., Olefin Metathesis 
1-12, Academic Press. London (1983)1- Polymers obtainable in this way are 
prepared industrially and are commercially obtainable, for example under the trade 
name Vestenamer*. The industrial preparation is carried out using highly reactive 
two-component catalysts, as a rule transition metal haiides. for example WCI, and 
metal-alkylenes. for example zinc-, aluminium- or tin-alkylene. The polymerization 
or gelling starts immediately after a cycloolefin has been combined with the two 
catalyst components. The mixtures of cycloolefin and catalyst therefore have 
exceptionally short pot lives, and they are suitable in practice only in the reaction 
injection moulding process (RIM process). The severe heating of the reaction 
mixtur due to the heat of reaction, which Imposes very high technical 
requirements on a controlled reaction temperature, is also a disadvantage. It is 
therefore difficult to adhere to a polymer specification. 

WO 93/13171 describes air- and water-stable one-component and two-component 
catalysts based on molybdenum and tungsten compounds containing carbonyl 

^4 - A-oiMm =«h osmium comoounds having at least one polyene ligand 
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for thermal metathesis polymerization and a photoactivated metathesis 
polymerization of strained cycloolefins, in particular norbomene. No other 
polycyclic - above all non-fused polycyclic - cyctooleftns are mentioned. The one- 
component catalysts of the ruthenium compounds used, that is to say 
[Ru(cumene)Cy a and [(C^Ru(CH,CN)aCirPF.-, can indeed be activated by UV 
irradiation; however, the storage stability of the compositions with norbomene are 
[sic] completely unsatisfactory. These catalysts can replace the known two- 
component catalysts only in adequately. 

Demonceau et al. [Demonceau. A., Noels. A.F.. Saive, E.. Hubert. A.J.. J. Mol. 
Catal. 76: 123-132 (1992)1 describe (p-cumeneJRuCljP^H,,)* (CeHJJjPRuCI, 
and (C,Hs)JiPRuHCI as thermal catalysts for the ring-opening metathesis 
polymerization of norbomene. a fused polycycloolefin. Because their activity is too 
tow. these catalysts have not found acceptance in industrial preparation. It is 
therefore proposed to increase the activity by the addition of diazoesters. It is also 
mentioned that only (p-cumeneJRuCljPfAH,,), is capable of polymerizing 
norbomene in a relatively short time at 60°C. Cyclooctene is also mentioned as a 
further monomer. No other cycloolefins are mentioned for the methatesis [sicl 
polymerization. 

Petasis and Fu [Petasis. N.A.. Fu. D.. J. Am. Chem. Soc. 115: 7208-7214 (1993)] 
describe the thermal ring-opening metathesis polymerization of norbomene using 
bis-cyclopentadienyl-bis(trimethylsilyl)methyl-t»anium(IV) as a thermally active 
catalyst. No other cycloolefins are mentioned for the metathesis polymerization. 

No other more reactive one-component catalysts have yet been disclosed. It is 
furthermore also not known to use polymers with a strained cycloalkenylene in th« 
polymer backbone for the preparation of crosslinked polymers. 

It has now been found that polymers with strained cycloalkenylene radicals 
bonded in the polymer backbone are. outstandingly suitable for the preparation of 
crosslinked polymers under the action particularly of one-component catalysts. 
The compositions are storage-stable and are even insensitive to air and oxygen, 
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depending on the catalysts used, which allows processing without particular 
protective measures. Processing is easy and the processing possibilities are 
diverse, because no particular measures have to be taken owing to excessive 
reactivity. The polymers are suitable both for the production of solid shaped 
articles and for coatings with particularly Ngh adhesive strength. The polymers 
can furthermore be used for the production of images by means of irradiation 
under a photomask and subsequent development of the non-exposed portions 
with a suitable solvent 

The invention first relates to a composition comprising (a) catalytic amounts of a 
one-component catalyst tor metathesis polymerization and (b) at least one 
polymer with strained cycloalkenylene radicals bonded in the polymer backbone, 
alone or mixed with strained cycloolefins. 

In a preferred embodiment, the polymers are those with recurring structural units 
of the formula (a) in the polymer backbone 



^01 

■C— C- (a). 
A 



in which 

Ro, and R« independently of one another are H or C,-C»alkyl. or Ro, and R«, 
together are a bond, and 

A, together with the C-C group, forms an unsubstituted or substituted strained 
cycloolefin ring. Th structural units of the formula (a) can be bonded directly or 
via bridg groups, pr ferably identical bridge groups. 

Alkyl Ro, and R M preferably contain 1 to 4 C atoms; the alkyl is preferably methyl 
or ethyl. Ro, and Ro 2 are particularly preferably H. 

The susbtituents for the cycloolefin ring can be. for example. C,-C e -. and 

n i IL n ■ ,> * m»m i« ml iwi- J . iHT 



t-butyl. methoxy. ethoxy or propyloxy; C-C^aloalkyl or-alkoxy. for example 
ttfluoromethyl, trichloromethyl. perfluoroethyl. bis(trifluoromethyl)methyl, 
trifluoromethoxy or bis(trifruoromethyl)melhoxy;.hal6gen. for example F, CI or Br; 
-CN; -NH 2 ; secondary amino having 2 to 18 C atoms; tertiary amino having 3 to 
18 C atoms; -C(0)-ORaj or -CfOJ-NRaRo* in which Rm is H. C,-C 18 alkyl, phenyl or 
benzyl and independently has the meaning of Rgg. 

The strained cycloolefin ring can be monocyclic or polycyclic fused and/or bridged 
ring systems, for example with 2 to 8, preferably 2 to 1. and particularly preferably 
2 or 3 rings, which are unsubstituted or substituted and can contain heteroatoms, 
for example O, S, N or Si, in one or more rings and/or fused aromatic or 
heteroaromatic rings, for example o-phenylene. o-naphthytene, o-pyridinylene or 
o-pyrimidinytene. The individual cyclic rings can contain 3 to 16, preferably 4 to 12. 
particularly preferably 5 to 8 ring members. The cyclic olefins can contain further 
non-aromatic double bonds, preferably 2 to 4 such additional double bonds, 
depending on the ring size. 

Fused-on alicyclic rings preferably contain 3 to 8. particularly preferably 4 to 7. 
and especially preferably 5 or 6 ring C atoms. Fused-on aromatics are preferably 
naphthylene and, in particular, phenylene. 

In a preferred embodiment, in formula (a) 

Ro, and Roj together are a bond, and A is unsubstituted or substituted 
C.-Cjalkylene. preferably CrC»alkylene; unsubstituted or substituted 
C 2 -C 12 heteroalkylene. preferably C,-C«heteroalkyklene with at least one 
heteroatom from the group consisting of 0. S and N; unsubstituted or substituted 
C 5 -C, 2 cycloalkylene, preferably C $ -C,cycloalkylene; unsubstituted or substituted 
C,-C, 2 heterocycloalkylene. preferably C«-C 7 heterocycloalkylene with at least one 
heteroatom from the group consisting of O. S and N; unsubstituted or substituted 
C 2 -C u alkenylene, pref rably C 2 -C,-alkenylene; unsubstituted or substituted C,- 
C 12 heteroalk nylene. preferably C,-C 6 heteroalkenylene with at I astone 
heteroatom from the group consisting of O. S and N; unsubstituted or substituted 
C 5 -C 12 cycloalkenylene. preferably C,-C 7 cycloalkenylene; or unsubstituted or 
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substituted C 4 -C ia heterocycloalkenylene, preferably ^-Cheterocydoalkenylene 
with at least one heteroatom from the group consisting of 0. S and N; or 
Ro, and R« independently of one another are H or C,-C,alkyl and A is 
unsubstituted or substituted C^rcyctoalkenylene. preferably CrCyCyclo- 
alkenylene; unsubstituted or substituted C 4 ^ ia heterocydoalkenylene, preferably 
^-Cheterocycloalkenytene with at least one heteroatom from the group 
consisting of 0. S and N; or unsubstituted or substituted CrCnCydoalkdienylene, 
preferably Cj-C^cloalkdienytene; or 

Ro, is a double bond together with a terminal C atom of the radical A; Ro, is H or 
A C,-C^lkyl: and A is unsubstituted or substituted C,-C„alkylene, preferably 
^ (VCalkylene, unsubstituted or substituted Cj-C.aheteroalkylene. preferably 

C r C a heteroalkylene with at least one heteroatom from the group consisting of O, 
S and N; unsubstituted or substituted C r C„cydoalky!ene, preferably C-Ccydo- 
alkylene; unsubstituted or substituted C 4 -C, 2 r*terocydoalkylene f preferably 
C 4 ^,heterocydoalkylene with at least one heteroatom from the group consisting 
of O. S and N; unsubstituted or substituted C 2 -C„alkenylene, preferably 
CrQ.alkenylene; unsubstituted or substituted CrC„heteroalkenylene. preferably 
Ca-Cheteroalkenylene with at least one heteroatom from the group consisting of 
O, S and N; unsubstituted or substituted Cs-C«cydoalkenylene. preferably 
CrCrCydoalkenylene; or unsubstituted or substituted C 4 -C„hetero- 
cycloalkenylene. preferably C 4 -C 7 heterocydoalkenylene with at least one 
® heteroatom from the group consisting of O, S and N; or 

Ro, and Ro2 each are a double bond together with in each case a terminal C atom 
of the radical A. and A is unsubstituted or substituted C,-C„alkylene. preferably 
CrCalkylene; unsubstituted or substituted C,-C«heteroalkylene. preferably 
C 3 -C,heteroalkylene with at least one heteroatom from the group consisting of O. 
S and N; unsubstituted r substituted C-Ccydoalkylene. preferably C-dcyclo- 
alkylene; or unsubstituted or substituted C^heterocydoalkylene, preferably 
C 4 -C 7 heterocycloalkylene with at least one h teroatom from the group consisting 
of O. S and N; 

it being possible for phenylen . C 4 -C.cydoalkylene or C 4 -C 8 heterocycloalk y lene to 
be fused onto the alkylene, heteroalkylene. cycloalkylene. heterocycloalkylen , 
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alkenylene, heteroalkenylene. cycloalkenylene, heterocydoalkenylene, 
alkdienylene. heteroalkdienylene, cydoalkdienylene and heterocydoalkdienylene. 

It is known to the expert that cydohexene can be polymerized by metathesis only 
with difficulty or not at all. Cydohexene radicals of the formula (a) are therefore 
not preferred. Structural units of the formula (a) In which and R« together do 
not form a double bond are preferred. 

Particularly preferably, in formula (a). Ft* and R« together are a bond, and A is 
unsubstituted or substituted Cg-Ctahytane. unsubstituted or substituted 
Cj-CTcycIoalkylene, unsubstituted or substituted CrC 6 alkenylene or unsubstituted 
or substituted Cs-CTcydoalkenylene; or 

Ro, and R„ independently of one another are H or d-CjSJkyl arid A is 

unsubstituted or substituted Cj-Crcycloalkenylene; or 

Ro, is a double bond together with a terminal C atom of the radical A; R^ is H or 

C,-C«alkyl; and A is unsubstituted or substituted Cj-Cealkenylene. unsubstituted or 

substituted CrCrcydoalkytene, unsubstituted or substituted C 3 -C 4 alkenylena or 

unsubstituted or substituted Cj-CTcydoalkenylene; or 

Ro, and R« each are a double bond together with in each case a terminal C atom 

of the radical A and A is unsubstituted or substituted C 3 -C,alkylene or 

unsubstituted or substituted C$-Crcydoalkylene. 

The polymer backbone of the polymers to be used according to the invention can 
be built up in different ways. The polymers can be homo- or copolymers, 
containing structural elements of the formula (a) to the extent of at least 5 mol %. 
preferably 5 to 100 mol %. more preferably 5 to 80 mol %, even more preferably 
10 to 70 mol %. particularly preferably 10 to 60 mol %. and especially preferably 
20 to 50 mol %. based on th polymer. The polymers can be random copolymers 
or block copolymers. 

The polymers used in the composition according to the invention include 
oligomers and polymers. Th number of recurring structural units can accordingly 



be 2 to 10 000, preferably 5 to 5000, particularly preferably 10 to 1000, and 
especially preferably 20 to 500. 

One group of polymers which are possible for the compositions according to the 
invention comprises, for example, the homo- and copolymers of linear 
polyepoxides, polyesters, polyamides. polyester-amides, polyurethanes and 
pdyureas in which the divalent diepoxide, dicarboxylic acid or diisocyanate 
radicals, or in which the divalent diol or diamine radicals, or both of these radicals, 
contain strained cycloolefin radicals, and which, in the case of the copolymers of 
these divalent radicals, contain different diepoxide, dicarboxylic acid or 
diisocyanate. diol or diamine radicals. The strained cycloolefin ring preferably 
corresponds to the formula (a), including the preferred meanings. 

The polyepoxides can be built up from diepoxides, as comonomers (a), having 
preferably 6 to 40, and particularly preferably 8 to 30 C atoms and diols, as 
comonomers (P). having preferably 2 to 200, more preferably 2 to 100, and 
particularly preferably 2 to 50 C atoms. Diepoxides with a strained cycloolefin ring 
contain preferably 6 to 40, and particularly preferably 10 to 30 C atoms. The 
diepoxides are preferably the diglyddyl ethers, which can easily be prepared. The 
monomeric diepoxides can be, for example, the diglycidyl ethers of aliphatic 
cydoaliphatic, aromatic or araliphatic diols. Diols with a strained cycloolefin ring 
contain preferably 5 to 40, and particularly preferably 7 to 30 C atoms. The diols 
can be, for example, aliphatic, cydoaliphatic. aromatic or araliphatic diols. Diols 
and diepoxides are familiar to the expert and are not listed here. Among the 
diepoxides, the diglyddyl ethers and diglyddyl esters are preferred. Diepoxides 
and diols with a strained cydoolefin ring preferably contain a structural element of 
the formula (a), induding the preferred meanings. 

The polyepoxides can contain, for example, recurring structural elements chosen 
from th group of structural elements of the formulae (b). (c), (d) and (e) 



[-CH 2 -CH(OH)-CH a -0-R< l s-0-CHrCH(OH)-CH r O- 



(b). 



•R06"O- 



(c), 



l-CHrCHCOHJ-CHrO-RorO-CHj-C^OHJ-CHrO- (d), 
-Rm-O- (e), 

with the proviso that they contain at least structural elements of the formulae [sic] 

(b) or (c) or both, in which R<»and Rq, independently of one another are a divalent 
radical of a strained cycloolefin or a divalent radical with a strained cydoolefin, Rgr 
is a divalent radical of a cfiglycidylether reduced by the glycjdyloxy groups and R,, 
is a divalent radical of a diol reduced by the hydroxy! group. 

The polymer can contain in each case up to 100 mol % of the structural elements 
of the formulae (b) and (c) per mole of the polymer. If structural elements of the 
formulae (b) and (d) or (c) and (e) are present, advantageous mixing ratios are 5 
to 95, preferably 10 to 80 mol % of structural elements of the formulae (b) and (c) 
and 95 to 5, preferably 90 to 20 mol % of the structural elements of the formulae 

(c) and (e), per mole of the polymer. 

The polyepoxides are linear polyethers and are accessible in various ways, for 
example either by reaction of the diepoxides with the diols or by Diels-Alder 
reaction of polyepoxides with olefinically unsaturated diepoxide and/or diol 
structural units with open-chain or, preferably, cyclic 1,3-dienes to form strained 
cycloolefin rings. 

Ros and Roe can be. for example, mono- or diolefinically unsaturated C r C,cyclo- 
alkylene or fused polycyclic. preferably bi- or tricyclic, CrCiecycloalkylene. 
Examples are cyclopentenylen , cycloheptenylene and cydooctenylene. In a 
particularly preferred embodiment, Ros and Rm independently of one another are a 
norbornene radical of the formula (nr,) or (nr 2 ) 




R07 and R« are preferably C r C„-. preferably C r C 12 alkylene, polyoxaalkylene 
having 2 to 50. preferably 2 to 10 oxaalkylene units and 2 to 6, preferably 2 to 4 C 
atoms in the oxyalkytene, CrC 12 -, preferably Cj-C 4 cycloalkylene, Cj-CaCydo- 
alkylene-CH r , -CHr(C r C^ydoalkylene)-CH 2 -, C a -C 14 arylene, bisphenylene. 
benzylene. xylylene or -C^O^-CiHr. where Xo, is O, S. SO, SO,. CO, C0 2 , NH. 
N(C,-C 4 -akyl), alkylidene having 1 to 18, preferably 1 to 12 C atoms or 
Cj-CTcycloalkylidene. Some examples are ethylene, propylene, butylene, di-. tri- 
and tetraoxaethylene, cydopentylene, cyclohexytene, cydohexylene-CH r , 
-CHa-cydohexylene-CHj-. phenylene. -CaH 4 -0-CeH 4 -. -C,H 4 -CH r C s H«-. -CH 4 - 
CHtCHJ-CyH*-, -(^^(CHJrCeH,- and -C s H 4 -C 8 H M rC 6 H4-. 

The polyepoxides are novel polymers and the invention likewise relates to these. 

The polyesters can contain identical or different structural elements chosen from 
the group of structural elements of the formulae (0. (g). (h) and (i). where at least 
the structural elements of the formulae [sic] (0 or (g) or both must be present 



in which R* and Ro, 0 independently of one another are a divalent radical of a 
strained cydoolefin or a divalent radical with a strained cycloolefin. Ro» is a 
divalent radical of a dicarboxylic acid reduced by the carboxyl groups and Ro, 2 is a 
divalent radical of a diol reduced by the hydroxyl group. 



^(0)-R w .C(0). 



-0-Ro,o-0- 



(g). 



-C(0)-Ro„-C(0)- 



-O-Roij-O- 
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The polymer can contain in each case up to 100 mol % of the structural elements 
of the formulae (0 and (g), per mole of the polymer. If structural elements of the 
formulae (f) and (h) or (g) and (i) are present advantageous mixing ratios are 5 to 
95, preferably 10 to 80 mol % of structural elements of the formulae (f) and (h) 
and 95 to 5, preferably 90 to 20 mol % of the structural elements of the formulae 
(g)and(i). 

The polyesters are preferably linear and accessible either by esterification or 
transesterification processes on the corresponding monomers, or by Diels-Alder 
reaction of polyesters with oteftnically unsaturated dicarboxylic add and/or diol 
structural units with open-chain or, preferably, cyclic 1,3-dienes to form strained 
cycloolefin rings. Mono-, di- or tricyclic dienes are preferably used for the Diels- 
Alder reaction. 

R09 and Roiocan be, for example, mono- ordiolefinically unsaturated 
CrC a cycloalky!ene or fused polycydic. preferably bi- or tricyclic CrC 18 cydo- 
alkylene. Examples arecyclopentenylene, cydoheptenylene, cyclooctenylene and, 
in particular, norbomene radicals of the formulae (nr,) and (nr 2 ). 

Ron is preferably C 3 -C 1S -, preferably C 2 -C 12 alkylene or-alkenylene, C 3 -C 12 - ( 
preferably C 9 -GsCydoalkylene or -cycloalkenylene, C$-C 8 cycloa!kylene-CH r , 
-CH 2 -(C5-C»cydoalkylene)-CH 2 -, C 6 -C, 8 arylene, bisphenylene, benzylene, 
xylylene or -CtH^XorCiHr. where Xo, is O, S, SO, SO* CO, CO a , NH, 
N(C r C 4 alkyl), alkylidene having 1 to 18, preferably 1 to 12 C atoms, or 
Cs-CTcycloalkylidene. Some examples are ethylene, propylene, butylene, 
hexylene, cydopentylene, cydohexylene, cyclohexylene-CH 2 -, -CH r 
cyclohexylene-CH r , phenylene, naphthylene, -C 6 H 4 -CH 2 -C e H 4 -, -C 8 H 4 -C 6 H 4 -. 
-C 6 H 4 -S0 2 -C 6 H 4 -, -C 6 H 4 -C0-C ft H 4 - and -C 6 H 4 -0-C«H 4 -. Ron is preferably C 2 - 
C a alkyl ne, cyclohexyl ne or o-, m- or p-phenylene. 

Ro 12 can preferably be C 2 -C 19 , preferably C 2 -C u alkylene, polyoxaalkylene having 2 
to 50, preferably 2 to 10 oxaalkylene units ?nd 2 to 6, preferably 2 to 4 C atoms in 
th oxyalkylene, C 3 -C 12 -. preferably C 5 -C 8 cyc!oalkylene, C 5 -C r cycloalkylene-CH r , 
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-CH^Cj-Cjcydoalkylene^CHj-, C 6 -C t4 ary!ene, bisphenylene, benzylene, xytylene 
or^ e HrXoi-CsH 4 -, where Xo, is O. S. SO. S0 2 . CO. C0 2t NH, N<C,-C 4 alkyl), 
aikylidene having 1 to 18. preferably 1 to 12 C atoms, or 
C 5 -C7cycJoa!kylidene. Some examples are ethylene, propylene, butylene, 
hexylene. di-. tri- and tetreaoxaethylene, cyclopentylene, cyclohexyiene. 
cyctohexytene-CH r , -CHrcyclohexylene-CH r , phenylene, AH 4 -CH 2 -C s H.- f - 
C e H 4 .CH(CH 3 )-C 6 H 4 .. -C6H 4 ^(CH3) 2 -C 6 H 4 -. -C 6 H 4 -C 6 H t(r C 6 H 4 - and -C a H 4 -0-CsH 4 -. 
Roi 2 is particularly preferably C 2 -C 5 alkylene, which, in particular, is linear 

The polyesters are novel polymers and the invention likewise relates to these. 

The potyamides can contain identical or different structural elements chosen from 
the group of structural elements of the formulae (j), (k), (0 and (m). where at least 
the structural elements of the formulae [sic] (j) or (k) or both must be present 

-C(0)-Ro„-C<0)- 0)f 

-NH-FWNH- (k). 
-C(0)-Ro,5-C<0)- 

-NH-Ro,s-NH- (m). 

in which Rqi 3 and Rom independently of one another are a divalent radical of a 
strained cyclooleftn or a divalent radical with a strained cycloolefin, Ro t5 is a 
divalent radical of a dicarboxylic acid reduced by the carboxyl groups and Roie is a 
divalent radical of a diamine reduced by the amino groups. 

Th polymer can contain in each cas up to 100 mol % of th structural elements 
of the formulae (j) and (k) per mole of the polymer. If the structural lements of the 
formulae (j) and (I) or (k) and (m) are present, advantageous mixing ratios are 5 to 
95, preferably 10 to 80 mol % of structural elements of the formulae (j) and (I) and 
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95 to 5. preferably 90 to 20 mol % of the structural elements of the formulae (k) 
and(m). 

The polyamides are preferably linear and accessible either by amkfation or 
transamidation processes on the corresponding monomers, or by Diels-AWer 
reaction of polyamides with olefinically unsaturated dicarboxylic add and/or 
diamine structural units with open-chain or preferably cyclic 1.3-dienes to form 
strained cycloolefin rings. Mono-, dl- or tricyclic dienes are preferably used for the 
Diels-Alder reaction. 

R<m and Row can be, for example, mono- or diolefinically unsaturated 
C s -Cscycloalkylene or fused porycydic. preferably bi- or tricyclic 
CrCtBcycloalkylene. Examples are cydopentenylene, cyctoheptepylene, 
cyclooctenylene and, In particular, norbomene radicals of the formulae (nr,) and 
(nr 2 ). 

Row is preferably C a -C„-, preferably CrC ia alkylene or -alkenylene. C 3 -C, r . 
preferably CrC,cydoalkylene or -cycloalkenylene. CrCaCydoalkylene-CH a -, 
-CHrtCrC^ydoalkyleneJ-CH,-. CrC«arylene. bisphenylene, benzylene. 
xylylene or ^,H 4 .X,,-C,rV. where X* Is O. S, SO. S0 2 . CO. CO,. NH. 
NfA-C^lkyl) or alkylidene having 1 to 18. preferably 1 to 12 C atoms, or 
CVCjCydoalkylidene. Some examples are ethylene, propylene, butylene. 
hexylene. cydopentylene. cydohexytene. cydohexylene-CH r . -CH,- 
cydohexylene-CH a -. phenylene. naphthylene. -CJVCHrCJV. -C a H4-C,H 4 -. 
-C 9 H 4 -S0 a -C,H 4 -. -C 9 H 4 -CO-CW and .C.H 4 -0-C,H 4 -. R« s is preferably 
CrC 8 alkylene, cydohexytene or o-, m- or p-phenylene. 

Ro t . can preferably be C a -C,.-. preferably C a -C„alkylene. C-C ia -. preferably 
C 5 -C a cycloalkylene. C,-C.cycloalkylene-CH r . -CH^C-C.cycloalkyleneKH,-. 
C 8 -C„arylene. bisph nylene. benzylene. xylylene or-C 6 H 4 -Xo,-C,H 4 -. where Xo, is 
O. S. SO. SO* CO. CO,. NH. N(C,-C 4 alkyl) or alkylidene having 1 to 1 8. 
preferably 1 to 12 C atoms, or C 5 -C 7 cycloalkyr.dene. Some xamples are ethylene, 
propyten .butyl n .hexyl ne. di-. tri- and tetr aoxaethylene. cyclopentylen . 
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cydohexytene, eydohexylene-CH,-. -CHrcydohexylene-CH 2 -, phenylene, ^,H«- 
CHtCHJ-CaH*-, C^-O-CeH*-. -C,H4-CHrCaH4-, 
-C.H^OUrC.rV and -CA-C.Hto-C.H*-. Rom is particularly preferably 
CrCaalkylene, which, in particular, is linear. - 

The polyamides can also contain structural units of 4 to 12-membered lactams, for 
example e-caprolactam. 

The polyamides are novel polymers and the invention likewise relates to these. 

Polyester-amides are copolymers with diamines and diols which can contain, for 
example, the structural elements mentioned above for the polyesters and 
polyamides, in any combination. 

The polyester-amides are novel polymers and the invention Jikewise relates to 
them. 

The polyurethanes and polyureas can contain identical or different structural 
elements chosen from the group of structural elements of the formulae (n). (o), (p) 
and (q), where at least the structural elements of the formulae [sic] (n) or (o) or 
both must be present 

-C(0)-NH-Ro ir NH-C(0)- <">• 
-Xaj-Rc-Xc- <°>- 
-C(0)-NH-Roi9-NH-C(0)- <P>- 

in which Ro 17 and R™ independently of on another are a divalent radical of a 
strained cycloolefin or a divalent radical with a strained cycloolefin. Ro, 9 is a 
divalent radical of a diisocyanat reduced by the cyanate groups and R^o is a 



divalent radical of a diamine or of a diol reduced by the amino or hydroxyl groups, 
and the Xm independently of one another are -O or -NH-. 

The potyurethanes and -ureas are preferably linear and accessible either by 
addition polymerization of the corresponding monomers or by Diels-Alder reaction 
of polyurethanes or polyureas with olefinically unsaturated diisocyanate. diol- 
and/or diamine structural units with open-chain or preferably cyclic 1,3-dienes to 
form strained cycloolefin rings. Mono-, di- or tricyclic dienes are preferably used 
for the Diels-Alder reaction. 

The polymer can contain in each case up to 100 mot % of the structural elements 
of the formulae (n) and (o) per mole of the polymer. If the structural elements of 
the formulae (n) and (o) or (p) and (q) are present, advantageous mixing ratios are 
5 to 95, preferably 10 to 80 mol % of structural elements of the formulae (n) and 
(p) and 95 to 5. preferably 90 to 20 mol % of the structural elements of the 
formulae (o) and (q). 

Ro,7 and Ro« can be, for example, mono- or diolefinicaJly unsaturated CrC,cyclo- 
alkytene or fused polycycliw, preferably W- or tricyclic CrCiacycloalkylene. 
Examples are cyclopentenylene, cycloheptenylene. cyctooctenylene and. in 
particular, norbomene radicals of the formulae (nr,) and (nr,). 

Ro, 9 is preferably Cj-C,,-. preferably (VC^Ikylene or -alkenylene, C 3 -C ir . 
preferably C 3 -C 8 cycloalkylene or -cyctoalkenylene, CrC 8 cydoalkylene-CH 2 -. -CH 2 - 
{C 5 -Cacycloalkylene)-CH r , C,-C is arylene, bisphenylene. benzylene. 
xylylene or-C^OVC,^-. where Xo, is O. S. SO, SO,. CO. C0 2 . NH, 
N(C,-C 4 alkyl) or alkylidene having 1 to 18, preferably 1 to 12 C atoms, or 
Cj-CTcycloalkylidene. S me xamples are ethylene, propylene, butylene. 
hexylen . cyclopentylene. cyclohexylene. isophoronyl ne, cydohexylene-CH 2 -, 
-CH 2 -cyclohexylen-CH 2 -. phenylen . naphthylene. toluylene. xylylene, -C 6 H 4 -C 6 H 4 -, 
-C 6 H 4 -CH 2 -C 6 H 4 -, -CJH4-SOTCH4-. -C,H«-CO-C 6 H 4 - and -C 8 H 4 -0-C 6 H 4 -. 
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R«o can preferably be CrCr. preferably Ca-C»alkylene, polyoxaalkylene having 2 
to 50, preferably 2 to 10 oxaalkylene units and 2 to 6, preferably 2 to 4 C atoms in 
the oxyalkylene, CrC„-, preferably C 5 -C s cyclbalkylene. Cj-Cscydbalkylene-CHr. 
-CHHCrCaCycloalltyleneJ-CUr, C.-C„arylene, bisphenylene. benzylene, xylylene, 
-CsH4-Xo,-CJH4-. where Xo, is O, S. SO,S0 2 . CO. CO,. NH. N(C,-C«alkyl) or 
alkylidene having 1 to 18, preferably 1 to 12 C atoms, or 
Cs-Cjcyctoalkylidene. Some examples are ethylene, propylene, butytene, 
hexylene. dK tri- and tetraoxaethylene. cyclopentylene, cydohexylene, 
cyclohexylene-CH a -. -CHj-cydohexylene-CHr. phenylene. -C,H 4 -CH r C^ 4 -. 
-CsH^CHCCH,)-^^-. -CH^CH^rCeH,-, -C,H 4 -C,H 10 -C,H 4 . and -C^-O-CH,-. 
Rom is particularly preferably C a -Cealkylene which, in particular, is linear. 

The polyurethanes and polyureas are novel polymers and the invention likewise 
relates to these. 

Polymers with a carbon backbone, of which various embodiments may be 
mentioned, are preferred according to the invention. 

One embodiment can be essentially or completely linear metathesis polymers of 
fused at least bicyclic cycloaliphatic dienes which contain two olefinic double 
bonds in different rings. The individual rings can contain 3 to 12, preferably 5 to 8 
ring C atoms. The polymer* contain, for example, recurring structural elements of 
the formula (r) 

=CH-R«,-CH= M. 

in which Ron is Cj-CV. preferably C,-C 8 alkylene. onto which a cycioalkenylene 
having a total of 5 1 8 C atoms is fused directly or via another fused-on 
cycloalkyl ne having 5 to 8 C atoms. Pr ferred examples are linear 
polynorbornadi ne with recurring structural elements of th formula (0 




to 



or linear pofydicyclopentadiene with recurring structural elements of the formula 




or copolymers with these two recurring structural elements. 

Polymers which are furthermore suitable are linear copolymers with a recurring 
structural element of the formula (r), preferably in each case one or both the 
above structural elements (f) and (r") and structural elements of the fomula (O 

Q, 

of a strained cydoolefin, in which 

Q 3 is a linear or branched C,-C I8 alkylene which is unsubstituted or 
substituted by halogen, = O. -CN. -NO,, -COOM, -SO3M. -PO3M. 
-COO(M0t«, -SOjMW -POjMW CrC»alkyl. RtR 2 R 3 SKO) u -. 
C-Cjohydroxyalkyl, C,-C M haloalkyl, C,-C,cyanoalkyl. C-Cacydoalkyl. C,- 
C 16 aryl, C r C 16 aralkyl, C,-C,heterocydoalkyl. C 3 -C,»heteroaryl, 
C 4 -C„heteroaralkyl or R«-X-; or in which two adjacent C atoms are 
substituted by -CO-O-CO- or -CO-NR 5 -CO-; or in which, possibly at 
adjacent carbon atoms, an alicydic, aromatic or heteroaromatic ring is 
fused on which is unsubstituted or is substituted by halogen, -CN. -N0 2 . 
RaR 7 R,Si-{0) u -. -COOM, -S0 3 M, -P0 3 M. -COO(M,),o. -S0 3 (M,) w . 
-P0 3 (M,),«. C,-C J0 alkyt, C-Cwhaloalkyl. C-Cjohydroxyalkyl. 
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C-CcyanoaOcyl. Cj-CeCydoalKyl. C«^, 6 aryl, CrC„aralkyl, 

C,-CJ»terccydoalkyl, C,-C,«heteroaryl. C 4 -C l6 heteroaralkyl or R tt -X,-; 
X and X, independently of one another are -0-. -CO-, -SO-, -SO r . 

-0-C(OK -C(0)-0-, -CfOJ-NRj-. -NR t0 -C(O)-. -SOrO- or -O-SO,-; 
R,. R, and R, independently of one another are C-C^alkyl. C-Cuperfluoro- 

alkyl, phenyl or benzyl; 
R4 and R 13 independently are C,-C»alkyl. d-Cjohatoalkyl. C t -C»hydroxyalkyl. 

Cj-Cacydoalkyl, <VC„aryl, (VCaralkyl; 
Rs and R, p independently of one another are hydrogen, C,-C 12 alkyl, phenyl or 

benzyl, the alky) groups in turn being unsubstituted or substituted by 

C.-C^lkoxy or Cj-Cacydoalkyl; 
R», R, and R, independently of one another are C,-C l2 alkyl, C,-C„perfluoro- 

alkyl, phenyl or benzyl; 
M is an alkali metal and M, is an alkaline earth metal; and 
u isOorl; 

the aBcydic ring formed with Q, possibly containing further non-aromatic double 
bonds; 

Q, is hydrogen, C.-Cwalkyl. C-Cjohaloalkyl. C,-C ls alkoxy, halogen, -CN. 
RirXr'i 

R„ is C-Caoalkyl. d-Cahaloalkyl, C-Cahydroxyalkyl. CrC,cydoalkyl. 

Cs-C 1B aryl or CrC 1t aralkyl; 
X 2 is -C(0). O- or -C(0)-NR„-; 
R,a is hydrogen, C,-C,aalkyl. phenyl or benzyl; 
the abovementioned cydoalkyl. heterocydoalkyl, aryl. heteroaryl, aralkyl and 
heteroaralkyl groups being unsubstituted or substituted by C-C 12 alkyl, 
C,-C 12 alkoxy, -NO* -CN or halogen, and the heteroatoms of the abovementioned 
heterocydoalkyl, heteroaryl and heteroaralkyl groups being seleded from the 
group -0-, -S-, -NR 9 - and -N=; and 

R3 being hydrogen, C,-C, a alkyl. phenyl or benzyl. Q, is with particular preference 
H. 

In another embodiment, the polymers with a carbon backbone are copolymers of 
strained cydoolefins with fused at least bicyclic cydoaliphatic dienes which contain 
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at least two olefinic double bonds in different rings, andethytenically unsaturated 
comonomers. The Individual rings can contain 3 to 12. preferably 5 to 8 ring C 
atoms. The polymers contain, for example, recurring structural elements of the 
formula (r) and of the formula (s) 

=CH-R 0J1 -CH= W 

— C C— (8). 

II 

in which 

Ro,, is CVCmt . preferably CrC.alkylene. onto which an alkenylene having 2 to 
6. preferably 2 to 5 C atoms is bonded directly or via a fused-on 
cycloalkylene ring having 5 to 8 C atoms; 

rVa is H. F. C,-C ta alkyl, -COOH, -C(0)0-C,-C 12 alkyl. -C(0)-NH-C,-C„alkyl or 
-C(0)-NH a , preferably H. F, C,-C 4 alky1, -COOH or -C(0)-C,-C,alkyl: 

R,,, is H. F. CI, CN or C-Calkyl, preferably H. F, CI or C,-C 4 alkyl: 

R« 4 is H. F. CI, CN. OH. C,-C 12 alkyl. C,-C, 2 alkoxy. phenyl which is 

unsubstituted or substituted by OH. CI. Br. C,-C«alkyl, C,-C 4 alkoxy. 
-C(0)OC r C 12 alkyl, -C(0)-NH 2 , -SO,H. -COOH. C(0)-NH-C,-C 12 alkyl or- 
SO,-C,-C 12 alkyl, or is -C(0)OH. -C(0)0-CrC ia hydroxyalkyl. 
-CPJO-C-Cjalkyl. -C(0)-NH 2 or -C(0)-NH-C,-C t2 alkyl; and is preferably 
H, F. CI. CN, OH. C,-C 4 alkyl, C,-C 4 alkoxy. pheny which is unsubstituted 
or substituted by OH, CI. Br, C,-C 4 alkyl. C,-C 4 alkoxy, 
-COOH. -C(0)OC,-C M alkyl. -C(0)-NH 2 . C(0)-NH-C,-C 4 alkyl, -S0 3 H or 
-S0 3 -C,-C 4 alkyl, or -COOH. -C(0)0-C,-C 4 alkyl. -C(0)0-C 2 - 
C 6 hydroxyalkyl. -C(0)-NH-C,-C 4 alkyl or -C(0)-NH 2 ; and 

Rojs is H. F or C t -C, 2 alkyl. preferably H or F. 

Preferred examples of recurring structural elements of the formula (r) are 
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The polymers can contain the structural elements of the formula (r) in an amount 
of 5 to 100, preferably 10 to 80, and particularly preferably 20 to 60 mol %. per 
mole of polymer. 

The polymers, with the exception of the copolymers of norbomene and ethylene 
alone or together with other unsubstituted olefins, are novel and the invention 
likewise relates to these. 

In another embodiment, the polymers with a carbon backbone are metathesis 
polymers of strained cycloolcfins with a double bond in the ring, or copolymeric 
metathesis polymers of strained cycloolefins with a double bond in the ring and 
olefinically unsaturated comonomers, of which the olefinic double bonds in the 
polymer backbone are reacted partly or completely with open-chain or cyclic 1,3- 
dienes having 4 to 12, preferably 5 to 8 C atoms in a Diels-Alder reaction to give 
cycloalkenylene radicals having 6 to 14, preferably 7 to 12 C atoms. Preferably 5 
to 80%, more preferably 5 to 60%, and in particular 10 to 50% of the double bonds 
are reacted. 

In a preferred embodiment, these metathesis polymers contain recurring structural 
elements of the formula (t) 



in which A, is mono- or bicyclic C$-C a cycIoalkenytene. 

The structural element of th formula (t) particularly preferably corresponds to 
norbom-1,2-enylene of the formula (nr 3 ) 




<nr,). 
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In another preferred embodiment, the metathesis polymer contains recurring 
structural units of the formula (u) 



C H ~ CH R«jg*" 

\ / • (u), 
A, 



and recurring structural elements of the formula (w) 
-CH*CH-R«ar 

in which A„ together with the -CH-CH- group, is bicycfic C r C,cyctoalkenytene. 
preferably cyclopent-1,2-en-3.5-ylene. and R«, is C,-C«-. preferably 
C3-C u alkylene, 

and, if desired, recurring structural elements of the formula (s). 

The polymer can contain the structural elements of the formula (u) in an amount of 
5 to 100, preferably 5 to 80. particularly preferably 5 to 60, and especially 
preferably 10 to 50 mol %. and the structural elements of the formula (w) in an 
amount of 95 to 0. preferably 95 to 20, particularly preferably 95 to 40 and 
especially preferably 90 to 50 mol %, per mole of polymer. They can contain the 
structural elements of the formula (s) in an amount of 0 to 80, preferably 0 to 60. 
and particularly preferably 0 to 50 mol %, per mole of a copolymer. 

These metathesis polymers are novel and the invention likewise relates to them. 

In another embodiment, the polymers with a carbon backbone are homo- and 
copolymers of 1,3-dienes and, if desired, olefinically unsaturated monomers, of 
which the olefinic doubl bonds in the polymer backbone are reacted partly or 
completely with open-chain or preferably cyclic 1.3-dienes having 4 to 12. 
preferably 5 to 8 C atoms in a Diels-AIder reaction to give cydoalkenylene radicals 
having 6 to 14. preferably 7 to 12 C atoms. Preferably 5 to 80%. more preferably 5 
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to 60%, and in particular 10 to 50% of the double bonds are reacted. Suitable 1.3- 
dienes are, for example, 1,3-butadiene. isoprene and chloroprene. 

In a preferred embodiment, these polymers contain recurring structural elements 
of the formula (t). 

The structural element of the formula (t) particularly preferably corresponds to 
norbom-1 ,2-enylene of the formula (ruj). 

In another preferred embodiment, the polymer contains recurring structural units 
of the formula (y) 

-HjC-CH-C— CH a - (y) 
A, 



and recurring structural elements of the formula (z) 



-CH r CH=CR fla7 -CH 2 - (z). 

in which A„ together with the -CH-CRow group, is bicyclic CrCcycloalkenylene. 
preferably cyclopent-1,2-en-3.5-ylene, and R«t is H. CI or C,-C 12 -. preferably 
C^alkyl, 

and, if desired, recurring structural elements of the formula (s). 

The polymer can contain the structural elements of the formula (y) in an amount of 
5 to 100. pref rably 5 to 80, particularly preferably 5 to 60, and especially 
preferably 10 to 50 mol %. and the structural elements of the formula (z) in an 
amount of 95 to 0, preferably 95 to 20. particularly preferably 95 to 40. and 
especially preferably 90 to 50 mol %, per mole of polymer. It can contain the 
structural elements of the formula (s) in an amount of 0 to 80, preferably 0 to 60. 
and particularly preferably 0 to 50 mol %, per mole of a copolymer. 
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These polymers are novel and the invention likewise relates to them. 

Polymers which are built up only from carbon and hydrogen are particularly' 
preferred. 

The processes for the preparation of the abovementioned polymers are known or 
analogous to known processes. The starting monomers and polymers are likewise 
known and are in some cases commercially obtainable or can be prepared by 
analogous processes. Diets-Alder reactions are advantageously carried out in 
solvents and expediently under increased pressure. Metathesis copolymers and 
processes for their preparation are described, for example, in US 5 215 798. 
These polymers or metathesis polymers of strained cydoolefins can also be 
prepared with the catalysts described below. Diels-Alder reactions can be carried 
out analogously to the process described in EP 287 762* 

The choice of the polymers to be used according to the invention depends chiefly 
on the intended use and the desired properties. The wide selection by 
modifications of the polymers allows tailor-made polymers to be provided for the 
most diverse uses. A further modification possibility results from the concomitant 
use of strained cydoolefins which are capable of metathesis polymerization, which 
means that, overall, adaptations specific to desired uses can be carried out. 

A very large number of strained cydoolefins which the composition according to 
the invention can comprise as comonomers are known. 

The cyclic olefins can be monocyclic or polycystic fused and/or bridged ring 
systems, for xampl with two to four rings, which are unsubstituted or substituted 
and can contain heteroatoms. for example O, S, N or Si, in one or mor rings 
and/or fused aromatic or heteroaromatic rings, for example o-phenylene, 
o-naphthylene. o-pyridinylene or o-pyrimidinylene. The individual cyclic rings can 
contain 3 to 16, preferably 3 to 12, and particularly preferably 3 to 8 ring members. 
The cyclic olefins can contain further non-aromalic double bonds, preferably 2 to 4 
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those which are inert, that is to say do not impair the chemical stability and the 
heat stability of the catalysts. The cycloolefins are strained rings or ring systems. 

If the cyclic olefins contain more than one double bond, for example 2 to 4 double 
bonds, crosslinked polymers can also be formed, depending on the reaction 
conditions, the monomer chosen and the amount of catalyst. 

Fused-on alicyclic rings contain preferably 3 to 8, particularly preferably 4 to 7, 
and especially preferably 5 or 6 ring C atoms. 

In a preferred embodiment, the comoncmeric strained cycloolefins correspond to 
the formula I 




(I). 



in which 

Q, - is a radical having at least one carbon atom which, together with the 

-CH=CQ 2 - group, forms an at least 3-membered alicyclic ring which may 
contain one or more heteroatoms chosen from the group consisting of 
silicon, phosporus, oxygen, nitrogen or sulfur; and which is unsubstituted 
or substituted by halogen, =0, -CN. -NO,, R,R 2 R 3 Si-<0) u -. -COOM, - 
S0 3 M. 

-PO,M. -COO(M,) w . SOiim™, -P0 3 (M,),«, C.-Cjoalkyl. 
C.-CjohydroxyaltyCrCjohaloalkyl, C,-C 8 cyanoalkyl, C 3 -C,cydoalkyl, 
C 8 -C 18 aryl, CrC 18 aralkyl, Cj-Csheterocycloalkyl, CrCuheteroaryl, 
C 4 -C, 8 heteroaralkyl or R4-X-; or in which two adjacent C atoms are 
substituted by -CO-O-CO- or -CO-NRs-CO-; or in which an alicyclic, 
aromatic or heteroaromatic ring which is unsubstituted or substituted by 
halogen, -CN. -NO,. ReR^SMO),,-, -COOM, -30 3 M, -P0 3 M. - 
COO(M,),«. -S0 3 (M,) ia , -P03(M,),/2. C.-CaalkyLC-Cajhaloalkyl. C,- 
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C„aralkyl. Cj-C 9 heterocyc!oalkyl. Cj-Cjjheteroaryl. C 4 -C l6 heteroaraikyl or 

Ru-X,- may be fused onto adjacent carbon atoms of the aficydic ring; 
X and X, independently of one another are-O-, -S-, -CO-, -SO-. -SO r . -0-C(OK 

-C(0)-0-. -C(0)-NR5-, -NR to -C(0)-, -S0 2 -0- or -O-S0 r ; 
R,. R, and Rj independently of one another are C,-C 12 alkyl, C,- 

Ctsperfluoroalkyl, phenyl or benzyl; 
R, and R u independently are Q-C^lkyl, C-.-C^haloalkyl, 

0,-Cjohydroxyalkyl, C 3 -C 8 cycloalkyl, C s -C„aryl, C r C I8 aralkyl; 
Rj and R J0 independently of one another are hydrogen, C,-C 12 alkyl, phenyl or 

benzyl, where the alkyl groups in their turn are unsubstituted or 

substituted by C,-C 12 alkoxy or Cj-CgCycloalkyl; 
Re, R 7 and R, independently of one another are C,-C, 3 alkyl. C,- 

C t2 perfluoroalkyl, phenyl or benzyl; 
M is an alkali metal and M, is an alkaline earth metal; and 
u isOorl; 

where the alicyclic ring formed with Q, may contain further non-aromatic double 
bonds; 

Q a is hydrogen, C,-C»alkyl. C.-Cjohaloalkyl, Ct-Ctjalkoxy, halogen, -CN, R, r 
Xr; 

R„ is C-Cjoalkyl, CrCjohaloalkyl, C-Cjohydroxyalkyl, C3-C,cycloalkyl. 

C 9 -C 18 aryl or C r C 16 aralkyl; 
X 2 is-C(0)-0-or-C(6)-NR 12 -; 
R« is hydrogen, C,-C,2alkyl, phenyl or benzyl; 

where the abovementioned cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl 
and heteroaralkyl groups are unsubstituted or substituted by C,-C u alkyl. 
C, C 12 alkoxy, -N0 2 , -CN or halogen and where the heteroatoms of the 
abovementioned heterocycloalkyl, heteroaryl and heteroaralkyl groups are chosen 
from th group consisting of -0-, -S-, -NR 9 - and -N=; and 
R 9 is hydrogen, C,-C 12 alkyl, phenyl or benzyl. 

Fused-on alicyclic rings preferably contain 3 to 8, particularly preferably 4 to 7, 
and especially preferably 5 or 6 ring C atoms. 
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If an asymmetric centre is present in the compounds of the formula I. this means 
that the compounds can occur in optically isomeric forms. Some compounds of 
the formula I can occur in tautomeric forms (for example keto-enol tautomerism). If 
an aliphatic C=C double bond is present, geometric isomerism (E form or Z form) 
can also occur. Exo-endo configurations are furthermore also possible. Formula I 
thus includes all the possible stereoisomers which are present in the form of 
enantiomers, tautorners, diastereomers, E/Z isomers or mixtures thereof. 

In the definitions of the substituents, the alkyl, alkenyl and a | kynyl groups can be 
straight-chain or branched The same also applies to the alkyl or each alkyl part of 
alkoxy-, alkylthio*, alkoxycarbonyl- and of other atkyf-containing groups. These 
alkyl groups preferably contain 1 to 12, more preferably 1 to 8, and particularly 
preferably 1 to 4 C atoms. These alkenyl and alkynyl groups preferably contain 
2 to 12, more preferably 2 to 8, and particularly preferably 2 to 4 C atoms. 

Alkyl includes, for example, methyl, ethyl, isopropyl, n-propyl, n-butyl, iso-butyl, 
sec-butyl, tert-buty! and the various isomeric pentyl, hexyl, heptyl. octyl, nonyl, 
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, 
octadecyt, nonadecyl and eicosyl radicals. 

Hydroxyalkyl includes, for example, hydroxymethyl, hydroxyethyl, 
1-hydroxyisopropyl, 1-hydroxy-n-propyl, 2-hydroxy-n-butyl, 1-hydroxy-iso-butyl, 

1- hydroxy-sec-butyl, 1-hydroxy-tert-butyl and the various isomeric pentyl, hexyl. 
heptyl, octyl, nonyl, decyl. undecyl, dodecyl. tridecyl, tetradecyl, pentadecyl. 
hexadecyl. heptadecyl, octadecyl, nonadecyl and eicosyl radical*. 

Haloalkyi includes, for example, fluoromethyl, difluoromethyl, trifluoromethyl, 
chloromethyl, dichloromethyl, trichloromethyl, 2,2,2-trifluoroethyl, 2-fluoro thyl, 

2- chIoro thyl, 2,2,2-trichloroethyl and halogenated, in particular fluorinated or 
chlorinated, alkanes, for example the isopropyl, n-propyl, n-butyl, iso-butyl, sec- 
butyl, tert-butyl, and the various isomeric pentyl, hexyl. heptyl, octyl, nonyl, decyl, 
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl. 
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Alkenyl includes, for example, propenyl, isopropenyl, 2-butenyl, 3-butenyl, 
isobutenyl, n-penta-2 f 4-dienyl, 3-methyl-but-2-enyl, n-oct-2-enyl, n~dodec-2~enyl, 
iso-dodecenyl, n-octadec-2-enyl, n-octadec-4-enyl. 

Cydoalkyl is preferably Cs-CaCydoaikyl, in particular C»- or C ft cycloalkyl. Some 
example are cyclopropyl, dimethylcyclopropyl, cyclobutyl, cyclopentyl, 
methylcyclopentyl, cydohexyl, cydoheptyl and cydooctyl, 

Cyanoalkyl includes, for example, cyanomethyl (methylnltriie [sic]), cyanoethyl 
(ethylnitrile [sic]), 1-cyanoisopropyl, 1-cyano-n- propyl. 2-cyano-n-butyl. 1-cyano- 
iso-butyl. 1-cyano-sec-butyl, 1-cyano-tert-butyl and the various isomeric 
cyanopentyl and -hexyl radicals. 

Aralkyl preferably contains 7 to 12 C atoms, and particularly preferably 7 to 10 C 
atoms. It can be, for example, benzyl, phenethyl, 3-phenylpropyl, a-methylbenzyl, 
phenbutyl or a.a-dimethylbenzyh 

Aryl preferably contains 6 to 10 C atoms. It can be, for example, phenyl, 
pentalene, indene, naphthalene, azulene or anthracene. 

Heteroaryl preferably contains 4 or 5 C atoms and one or two heteroatoms from 
the group consisting of O. S and N. It can be, for example, pyrrole, faran, 
thiophene. oxazole, thiazole, pyridine, pyrazine, pyrimidine, pyridazine, indole, 
purin or quinolin*. 

Heterocycloalkyl preferably contains 4 or 5 C atoms and one or two heteroatoms 
from the group consisting of O, S and rt. It can be, for example, oxirane, azirine, 
1,2-oxathiolane, pyrazoline, pyrrolidine, piperidine. piperazine, morpholin , 
tetrahydrofuran or tetrahydrothiophen . 

Alkoxy is, forexampl . methoxy. thoxy, propyloxy, i-propyloxy, n-butyloxy, 
i-butyloxy f sec-butyloxy and t-butyloxy. 
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Alkali metal in the context of the present invention is to be understood as meaning 
lithium, sodium, potassium, rubidium and caesium, in particular lithium, sodium 
and potassium. - 

Alkaline earth metal in the context of the present invention is to be understood as 
meaning beryllium, magnesium, calcium, strontium and barium, in particular 
magnesium and calcium. 

In the above definitions, halogen is to be understood as meaning fluorine, chlorine, 
bromine and iodine, preferably fluorine, chlorine and bromine. 

Compounds of the formula I which are particularly suitable for the composition 
according to the invention are those in which Q 2 is hydrogen. 

Compounds of the formula I which are furthermore preferred for the 
polymerization are those in which the alicyclic ring which Q, forms together with 
the-CH=CQ r group contains 3 to 16. more preferably 3 to 12, and particularly 
preferably 3 to 8 ring atoms, it being possible for this to be a monocyclic, bicydic 
tricyclic or tetracyclic ring system. 

The composition according to the invention particularly advantageously comprises 
compounds of the formula I in which 

Q, is a radical having at least one carbon atom which, together with the 
-CH«CQ 2 - group, forms a 3- to 20-membered alicyclic ring which may 
contain one or more heteroatoms chosen from the group consisting of 
silicon, oxygen, nitrogen and sulfur and which is ^substituted or 
substituted by halogen, =0. -CN, -N0 2l R,R 2 R,SKO) u -. -COOM, -SO,M. 
-PO3M, -COCXMJu, -SO,(M,) w . -PO J (M,) 1(2 .C 1 -C„alkyl.C r C„haloalkyl. 
C 1 -C, a hydroxyalkyl.C t -C 4 cyanoalKyl. Cj-Cacycloalkyl, (VC„aryl. (V 
Caralkyl. (VC,heterocycloalkyl, C,-C, 2 heteroaryl. C 4 -C 12 h teroaralkyl or 
R 4 -X-; or in which two adjacent C atoms in this radical Q, are substituted 
by -CO-O-CO- or -CO-NR 5 -CO-; or in which an alicyclic, aromatic or 
teferoaromatjc rinc which is unsubstituted or substituted by halogen. 
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-CN, -N0 2 , R,R,R,SK -COOM. -SOjM. -POjM. 

-COOfM,),*. -SOjfM,),*. -P0 3 (M,) ia , C,-C 12 alkyl. C-Cjhaloalkyl, 

C.-Cuhydroxyalkyl.C^cyanoalkyl. Cj-Cecydoalkyl. C s -C 12 aryl, 

CrCaaralkyl. CrC,heterocydoalkyl. CyC, 2 heteroaryl, C 4 -C t2 hetero- 

aralkyl or R«-X t - may be fused onto adjacent carbon atoms; 
X and X, independently of one another are -0-, -S-, -CO-, -SO-, -SO,-, -0-C(0)-, 

-C(0)-0-. -C(0)-NRr. -NRirC(0)-. -SO^O- or -0-SO r ; 
R„ Rj and R 3 independently of one another are Chalky!, C,-C 8 perfluoroalkyf. 

phenyl or benzyl; 
M is an alkali metal and M, is an alkaline earth metal; 
R< and R, 3 independently of one another are C,-C l2 alkyl, C,-C l2 haloalkyl, 

C,-C 12 hydroxyalkyl. Cj-Ccydoalkyl. C,-C ia aryl. CrCttaralkyl; 
Rs and R 10 independently of one another are hydrogen, CfCsalkyl, phenyl or 

benzyl, where the alkyl groups in their turn are unsubstituted or 

substituted by C,-C^lkoxy or CrC«cydoalkyl; 
R,, R, and R, independently of one another are C,-C,alkyl, C,-C,perfluoroalkyl, 

phenyl or benzyl; 
uisOoM; 

where the alicycfic ring formed with Q, may contain further non-aromatic double 
bonds; 

Q, is hydrogen, C,-C 12 alkyl. C,-C 12 haloalkyl. C,-Cealkoxy, halogen. -CN, R„- 

R lt is C,-C 12 alky«, C-C.jhaloalkyl. C,-C 12 hydroxyalkyl, Cj-Ccydoalkyl. 

C»-C 12 aryl or Cy-Cjaralkyl; 
Xj is -C(0)-0- or -C(0)-NR ia -; and 
R„ is hydrogen, C,-C,alkyl, phenyl or benzyl; 

where the cycloalkyl. heterocycloalkyl. aryl, heteroaryl. aralkyl and heteroaralkyl 

groups are unsubstituted or substituted by C-Csalkyl. C,-C 6 alkoxy. -NO,. 

-CN or halogen, and wh re the heteroatoms of the het rocydoalkyl. 

h teroaryl and het roaralkyl groups are chosen from the group 

consisting of -O-. -S-. -NR 9 - and -N=; and 
R, is hydrogen. C,-C e alkyl. phenyl or benzyl. 
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Compounds of the formula I from this group which are preferred are those in 
which 

Q, is a radical having at least one carbon atom which, together with the 
-CH=CQ r group, forms a 3- to 10-membered alicyclic ring which may 
contain a heteroatom chosen from the group consisting of silicon, 
oxygen, nitrogen and sulfur and is unsubstituted or substituted by 
halogen, -CN. -NO,, R,R 2 R,Sk -COOM, -SO,M. -P0 3 M, -COO(M,) w , 
-SQs(M,) w , -PO,(M,) w .C,-C»alkyl. C,-<V>aloalkyl, C,-C 6 hydroxyalkyl, C,- 
C 4 cyanoalkyi. Cj-Cecycloafcyl. phenyl, benzyl or R,-X-; or in which an 
alicyclic, aromatic or heteroaromatic ring which is unsubstituted or 
substituted by halogen. -CN, -NO z . RgRyRgSi-, -COOM. -S0 3 M. -PQ»M. 
-COO(M,),«. -SO,{M,),a. -P0 3 (M 1 ) ia> C r C 8 alkyl.C,-C»haloalkyi 1 
C,-C 6 hydroxyalkyl,C,-C 4 cyanoalkyl. C,-C 4 cycIoalkyl, phenyl, benzyl or 
Ris-X,- may be fused onto adjacent carbon atoms; 

R„ R 2 and R, independently of one another are C,-C 4 alkyl. C,-C 4 perfluoroalkyl. 
phenyl or benzyl; 

M is an alkali metal and M, is an alkaline earth metal; 

R 4 and R„ independently of one another are C,*C«alkyl. C,-C,haioalkyl. 
Ct-Cehydroxyalkyl or CyC,cydoalkyl; 

X and X, independently of one another are-O-, -S-. -CO-, -SO- cr -S0 2 -; 

Re. R 7 and R, independently of one another are C,-C«alkyl. C,-C 4 perfluoroalkyl. 
phenyl or benzyl; 

and Q a is hydrogen. 

The composition according to the invention is particularly suitable for the 
polymerization of norbomene and norbomene derivatives. Of these norbomene 
derivatives, preferred derivatives are those which either correspond to th formula 
II 
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in which 

X, is -CHR,,-, oxygen or sulfur; 

R M and R 15 independently of one another are hydrogen, -CN, trifluoromethyl, 

(CH,) 3 Si-0-, {CHJaSI- or -COOR, 7 ; and 
R 1S and R„ independently of one another are hydrogen. C,-Cua!kyl, phenyl or 

benzyl; 

or correspond to the formula III 




in which 

is -CHR,,-. oxygen or sulfur; 
R, 9 is hydrogen. C,-C 12 alkyl. phenyl or benzyl; and 
R,s is hydrogen. C,-C 5 alkyl or halogen; 
or correspond to the formula IV 




in which 

X, isCHRja-, xgen or sulfur; 

R a is hydrogen, C,-C ia alkyl. phenyl or benzyl; 

R M and R 2 , independently of one another are hydrog n, CN, trifluorom thyl, 

(CH 3 ) 3 Si-0-, (CHaJsSi- or -COORn; and 
R„ is hydrog n. C,-C,jalkyl. phenyl or benzyl; 
or correspond to the formula V 
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(V). 



in which 

Xe is -CHRJ4-, oxygen or sulfur; 

R 24 is hydrogen, C,-C u alkyl, phenyl or benzyl; 

Y is oxygen or \u — % ;and 

R 25 is hydrogen, methyl, ethyl or phenyl. 



The following compounds of the formula I are particularly suitable, bi- and 
polycyclic systems being obtainable by Diels-Alder reactions: 




* J^r- (2) ' 



0). 




CN 



(4). 



iL ,CM,0(CM J ),OCH, 



(5). 




1W 




SKCHJ, 



(7). 
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The comonomeric polyfuncttonal strained cycloolefins can be compounds of the 
formula (f1) 

CTMJ < f1) - . 

in which T is the radical of a strained cydoolefin. U is a direct bond or an n-valent 
bridge group and n is an integer from 2 to 8. 

The cyclic olefins can be monocyclic or polycyclic fused and/or bridged ring systems, for 
example with two to four rings, which are unsubstituted or substituted and can contain 
heteroatoms. for example 0. S. N or Si. in one or more rings and/or fused alicyclic. aromatic 
or heteroaromatic rings, for example c-cyclopentylene. o-phenylene. cniaphthylene. 
o-pyridinytene or c-pyimidinylene. The Individual cyclic rings can contain 3 to 16. preferably 
3 to 12. and particularly preferably 3 to 8 ring members. The cyclic olefins can contain further 
non-aromstic double bonds, preferably 2 to 4 such additional double bonds, depending on 
the ring size. The ring substituents are those which are inert, that is to say which do not 
impair the chemical stability of the one-component catalysts. 

Fused-on alicyclic rings preferably contain 3 to 8. particularly preferably 4 to 7. 
and especially preferably 5 or 6 ring C atoms. 

in a preferred embodiment, the radicals T in formula (f1) correspond to cydoolefin 
radicals of the formula (f2) 




(12). 



in which Q, and Q 2 have the abovementioned meanings, including the preferred 

meanings. 
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The position of the double bond in the ring of the formula (f2) with respect to the 
free bond essentially depends on the ring size and the preparation method for the 
compounds of the formula I. 

The cycloalkenyl radical of the formula (f2> is particularly preferably unsubstituted 
or substituted by cyclopropertyl, cydobutenyl. cyclopentenyl. cycloheptenyl. 
cyclooctenyl. cyclopentadienyl. cyclohexacfienyl, cydoheptadlenyl, cydoodadienyl 
and norbomenyl or norbomenyl derivatives, for example 7-oxa-2.2,2<ydoheptene 
and the corresponding benzo derivatives. Substituents are preferably C,-C 4 alkyl 
and C,-C 4 afeoxy. 

Particularly suitable radicals of the formula <f2) are norbomenyl and norbomenyl 
derivatives. Of these norbomenyl derivatives, particularly preferred derivatives are 
those which either correspond to the formula (f3) 



Aft 



14 



(f3). 



in which 

X, is -CHR, 6 -. oxygen or sulfur; 
§ R 14 and R 1S independently of one another are hydrogen. -CN. trifluormethyl. 
(CHaJjSi-O-, (CH,)sSi- or -COOR, r ; and 

R 1S and R„ independently of one another are hydrogen, C,-C 12 alkyl. phenyl 
benzyl; 

or correspond to the formula (f4) 
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in which 

X« is -CHR,,-. oxygen or sulfur; 

R„ is hydrogen. C,-C„alkyl. phenyl or benzyl; and 

R l8 Is hydrogen. C.-Cgalkyl or halogen. 

The cycloalkenyl radical Tin the formula <f1) is particularly preferably norbomenyl 
of the formula (nr 4 ) 




In formula (f1). n is preferably an integer from 2 to 6. particularly preferably 2 to 4. 
and especially preferably 2 or 3. 

In formula (t). U is preferably an n-valent bridge group. 
Possible divalent bridge groups are, for example, those of the formula (f5) 
-XsrRo»-Xe~ ^ 



in which 

X, and X. independently of one another are a direct bond. -O-. -OVO. -C(0)0-. 
-0<0)C, -CH^C. -C<0)-NFW. -FWHOJC-. -NH-C(0)-NRo»-. 
-0-C(0)-NH-. -CH a -0-C(0)-NH- or -NH-C(0)-0-. and 

R*. is CrCalkylene. C^ 8 cycloalkylene which is unsubstituted or substituted by 
C,-C 4 alkyl or C,-C 4 alkoxy. C-Carylene or CrC 19 aralkylene which are 
unsubsttuted or substituted by C,-C 4 alky. or C,-C 4 alkoxy,or polyoxaalkylene 
having 2 to 12 oxaalkylene units and 2 to 6 C atoms in the alkylene. and 
Rom is H or C,-C«alkyl. 

Alky! ne P^ preferably contains 2 to 12. and particularly preferably 2 to 8 C 
atoms. The alkyl ne can be linear or branched. Preferred cycloalkylen is 
cyc.openty.ene. and in particular cyclohexylene. Some examples of ary.ene are 
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phenylene. naphthylene. biphenylene. biphenylene ether and anthracenylene. An 
example of aralkylene is benzylene. The polyoxaalkylene preferably contains 2 to 
6. and partictilarty preferably 2 to 4 units, and preferably 2 cr 3 C atoms in the 
alkylene. 

In a preferred embodiment, in formula (f5), 

a) X, and X, are a direct bond and R*, Is CVCaalkylene. more preferably 
CrCizalkytene. or 

b) X, and X, are -O-, -CHrO-, -C(0)0-. -0(0)0. -CH,-0(0)C-. 
-CH a -0-C(0)-NH-. -C(0)-MR«.- or -0-C(0)-NH- and 

is C 2 -C„alkytene. or phenylene. naphthylene or benzylene which are 
unsubstituted or substituted by C^alkyl or C,-C 4 alkoxy. or 
-Roso-tO-Rao-^-ORoao-, In which x is a number from 2 to 4. and Rom is 
-CrC 4 alkylene. 



Some examples of compounds of the formula (f5) with a divalent bridge group 




(43) 
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-CH a C^CH,CH I CH r C^CH 2 CH r - z ^^^ (4?) ' 

^^V>— CHjCHjC^jCHjCHjCHjCHjCHjCHjCHjCHjCHp-^^ ^ 

/^^-CHjCHiCHJ--^^ <50> ' 

0-CH,CH a -0 (51)< 
^"^-C^CH^^ (52). 

Pi _D («, 

k J — CH a CH 2 CH a CH 2 — I J 

CH 2 OC(O)NHCH 2 CH 2 CH,CH 2 CH a CH 2 NH(O)C0H J C-- z ^^^ ^ 
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^^^C^O)NHCH J C^CH a CH a NH(p)C-- 2 ^^ (55) * 
^^^C(O}0CH 2 CH J CH a CHp(O)C-- 7 ^^3^ ^ 



CH a O-C(0) r^O> 



(58) 



CH,0(0)(>C^(O)O^C~- 2 ^i^ 



(59), 



^*X>— CH a O-C(0)-NH 



CH a O*<0).NH--<' VCH, . (6Q)and 



NH-C(0)-OH,C- 



^^CHp-C(0).NH-^)^ cts (61) 





CH 2 -NH-C<0)-OH. 



The compounds of the formula (M) with a bridge group of the formula (f5) which is 
a pure hydrocarbon bridge are obtainable, for example, by means of a Diels-Alder 
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reaction of a cyclic diene with a linear or branched aliphatic diene (see also 
EP 287 762), substance matures which are either further processed directly or 
separated beforehand by means of customary methods often being formed. 
Compounds of the formula (ft) with a bridge group of the formula (f5) in which Xs 
and X, are not a direct bond are obtainable from the corresponding halides or 
dihalides, alcohols or diols, amines or diamines, carboxylic acids or dicarboxylic 
acids, or isocyanates or diisocyanates, via etherificatlon, esterification or 
amidation reactions in a manner known per se. 

Possible bivalent bridge groups are, for example, those of the formula (16) 



JS (f6). 



in which 

Xs. X, and X 7 are -O-. -CHj-O-. -0(0)0-, -0(0)0. -0^0(0)0. -CCO-NR*,-. 
-Ro29N-(0)C-. -NH-CfO^NFW, -0-C(0)-NH-, -CH 2 -0-C(0)-NH- or -NH-CfO-O-, 
and 

Rost is a bivalent aliphatic hydrocarbon radical having 3 to 20, preferably 3 to 12 C 
atoms, a bivalent cycioaliphatic radical which has 3 to 8, preferably 5 or 6 ring C 
atoms and is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy, or a 
bivalent aromatic radical having 6 to 18. preferably 6 to 12 C atoms, which is 
unsubstituted or substituted by C,-C 4 alkyl or C-C^lkoxy. a bivalent araliphatic 
radical having 7 to 19, preferably 7 to 12 C atoms, which is unsubstituted or 
substituted by C,-C 4 alkyl or C,-C 4 alkoxy, or a bivalent heteroaromafic radical 
having 3 to 13 C atoms and 1 to 3 heteroatoms from the group consisting of -O-, 
-N- and -S-, which is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. 
and 

Ron is H or C-Coalkyl. 

In a preferred embodiment, X* X« and X 7 are -0-, -CH 2 -0-, -C(0)0-. -0(0)C-, 
-CH 2 -0(0)C-, -CPJ-NRoj.,-, -0-C(0)-NH- or -CH r O-C(0)-NH-. 
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Preferred radicals Rg,, are derived, for example, from triols. such as glycerol, 
trimethytolpropane, butanetriol, pentanetriol, hexanetriol, trihydroxycyclohexane, 
trihydroxybenzene and cyanuric acid; triamines, such as diethytenetriamine; 
tricarboxylic acids, such as cydohexanetrfcarboxylic acid or trimellitic add; and 
triisocyanates, such as benzene triisocyanate or cyanuric triisocyanate. 

Some examples of compounds of the formula (fl) with a trivalent bridge group are 
^^ C (0)-O-CH A (62) ' 

H 2 ^H 2 ^(0)C-^fSs 
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Possible telravalent bridge groups are, for example, those of the formula (f7) 



I 

-xr*W<f- (f7). 



in which 

Xs, X* X 7 and Xe are -C(0)Ov «CHrO(0)C- or -CfOJ-NFW . and 
Row is a tetravalent aliphatic hydrocarbon radical having 4 to 20, preferably 4 to 12 
C atoms, a tetravalent cycloaliphatic radical having 4 to 8, preferably 5 or 6 ring C 
atoms, which is unsubstituted or substituted by C,-C 4 allcyl or C,-C 4 a|Koxy, or a 
tetravalent aromatic radical having 6 to 18, preferably 6 to 12 C atoms, which is 
unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy, a tetravalent araliphatic 
radical having 7 to 19. preferably 7 to 12 C atoms, which is unsubstituted or 
substituted by CfC 4 alkyl or €,-C 4 alkoxy, or a tetravalent heteroaromatic radical 
having 3 to 13 C atoms and 1 to three heteroatoms from the group consisting of 
-O-, -N- and -S-, which is unsubstituted or substituted by C,-C 4 alkyl or 
C r C 4 aIkoxy, and 
Ro»is HorC^alkyl. 

Some examples of tetrafunctional compounds from which can be derived are 
pentaerythritol, pyromellitic add and S^.^^'-biphenyltetracarboxylic acid. 

Preparation methods which can be used are the same methods as for the 
preparation of the abovementioned compounds with a di- or trivalent radical. 
Some examples of compounds of the formula (f1) with a tetravalent bridge group 
are 
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C(0)-0-H 2 0— C-CHj-O-COJC 
H a C x 

X <HO)C— 




(67) and 




(68). 



Pofyols. such as dipentaerythritol or hexahydrohexane, which can be reacted with 
corresponding cyclootefinmonocarboxylic adds, may be mentioned as an example 
of compounds which are more than tetravatent and from which the bridge group 
can be derived. 

Polymers and comonomers which contain only carbon and hydrogen are 
particularly preferred according to the invention. Norbomene is especially 
preferably contained as a comonomer in amounts of, for example, 20 to 60% by 
weight. 

The ccmonomeric cycloolefins can be contained in an amount of 0.01 to 99% by 
weight, preferably 0.1 to 95% by weight, particularly preferably 1 to 90% by 
weight, and especially preferably 5 to 80% by weight, based on the polymers and 
monomers present in the composition. 

The composition according to the invention can compris solvents, especially if it 
is us d forth production of coatings. 

Suitable inert solvents are, for examp! , protic-polar and aprotic solvents, which 
can be used alone or in mixtures of at least two solvents. Examples are: ethers 
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(dibutyl ether, tetrahydrofuran. dioxane, ethylene glycol monomethyl or dimethyl 
ether, ethylene glycol monoethyl or diethyl ether, diethylene glycol diethyl ether 
and Methylene glycol dimethyl ether), halogenated hydrocarbons (methylene 
chloride, chloroform. 1.2-dichlorethane, 1.1,1-trichlorethane and 1.1.2.2-tetrachlor- 
ethane). carboxylic add esters and lactones (ethyl acetate, methyl propionate, 
ethyl benzoate, 2-methoxyethyl acetate, y-butyrolactone, S-vaterolactone and 
pivalolactone), carboxylic add amides and lactams (N,N-dimethylformamide. N.N- 
dlethytfbrmamide. N,N-dimethylacetamide, tetramethylurea, 
hexamethylphosphoric add triamide, ybutyrolactam. €-caprolactam, 
N-methylpyrrolidone, N-acetylpyrroOdone and N-methylcaproladam), sulfoxides 
(dimethyl sulfoxide), sulfones (dimethyl sulfone. diethyl sulfone. trimethylene 
sulfone and tetramethylene sulfone). tertiary amines (N-methylpiperidine and 
N-methylmorpholine), aliphatic and aromatic hydrocarbons, for example petroleum 
ether, pentane, hexane, cydohexane, methylcyclohexane, benzene or substituted 
benzenes (chlorobenzene, o-dichlorobenzene, 1,2,4-trichlorobenzene, 
nitrobenzene, toluene and xylene) and nitrites (acetonitrile, propionitrile. 
benzonitrile and phenylacetonitrile). Preferred solvents are aprotic polar and non- 
poiar solvents. 

The choice of solvents depends chiefly on the properties of the one-component 
catalysts, which must not be deactivated by the solvents used. Ruthenium and 
osmium catalysts can be used together with polar protic solvents, for example 
water or alkanols. These catalysts are also insensitive to air, oxygen and moisture, 
and corresponding crosslinkable compositions can be processed without particular 
protective measures. In the case of the other one-component catalysts, the 
exclusion of oxygen and moisture is advisable. The compositions are stable to 
storage, storage in the dark being advisable because of the sensitivity to light. 

The composition according to the invention can comprise formulation auxiliaries 
and additions to improve the physical or mechanical properties. The compounds 
mentioned abov as solv nts are suitable as such substances. Known auxiliaries 
are stabilizers, for example antioxidants and light stabilizers, plasticizers, dyes, 
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pigments, tixotropic [sic] agents, viscosity improvers, antistatics, lubricants and 
mould release auxiliaries. 

The compositions according to the invention can be polymerized even If they also 
comprise fillers or reinforcing fillers in relatively large amounts. They can comprise 
these fillers in amounts of 0.1 to 90% by weight, preferably 0.5 to 80% by weight, 
more preferably 1 to 70% by weight, particularly preferably 5 to 60% by weight, 
and especially preferably 10 to 50% by weight, based on the monomers present 

Suitable reinforcing fillers are, in particular, those having a length to width ratio of 
at least 2. These are often fibrous or needle-shaped fillers. Some examples are 
fibres of plastics, carbon fibres, glass fibres, silicate fibres, such as asbestos, 
whisker and wood fibres. 

Suitable fillers are. for example, metal powders, wood flour, glass powders, glass 
beads, semimetal and metal oxides, for example SiOjfaerosils and quartz), 
corundum and titanium oxide, semimetal and metal nitrides, for example silicon 
nitride, boron nitride and aluminium nitride, semimetal and metal carbides [sic), 
metal carbonates (dolomite and CaCQO. metal sulfates (barite and gypsum), rock 
powders and naturally occurring or synthetic minerals, chiefly from the silicate 
series, for example talc, woilastdnite, bentonite and others. 

Catalytic amounts for the one-component catalyst in the context of the present 
invention preferably means an amount of 0.001 to 20 mol %, more preferably 0.01 
to 15 mol %, particularly preferably 0.01 to 10 mol %, and especially preferably 
0.01 to 5 mol %. based on th amount of the monomer. Because of the high 
photocatalytic activity in ruthenium and osmium catalysts containing phosphen 
groups, amounts of 0.001 to 2% by weight are especially preferred in this case. 

The compositions according to the invention advantageously compris the novel 
thermal and/or photochemical one-component catalysts below: 
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1. Heat-stable ruthenium or osmium compounds which can be activated by 
radiation and have at least one photolabile ligand bonded to the ruthenium or 
osmium atom, the remaining coordination sites being satisfied by ncn-photolabile 
ligands. 

Heat stability in the context of the invention means that the photocatalytically 
active metal compounds form no active species for the ring-opening metathesis 
polymerization when heated. For example, at room temperature to slightly 
elevated temperature, such as about +40°C, the catalyst can initiate no ring- 
opening metathesis polymerization with exclusion of light in the course of weeks. 
Only an insignificant amount (less than 0.2% by weight) of monomer is reacted 
during this period. The heat stability can be determined, for example, by storing a 
toluene solution with 20% by weight of monomer and 0.33% by weight of metal 
catalyst in the dark at 50°C for 96 hours, and any amount of polymer formed, 
which can be detected by the build-up in viscosity and can be determined 
quantitatively by precipitation in a precipitant, for example ethanol. filtration and 
drying, is not more than 0.5% by weight, and preferably not more than 0.2% by 
weight. 

Organic or inorganic compounds, atoms or ions which are coordinated onto a 
metal centre are designated as ligands for the ruthenium and osmium compounds 
to be used according to the invention. 

Photolabile ligand in the context of the present invention means that when the 
catalyst is irradiated by light in the visible or ultraviolet spectral range, the ligand 
dissociates from the catalyst and forms a catalytically active species for the 
metathesis polymerization. Nonionic photolabil ligands ar preferred according to 
th inventi n. 

The photolabil ligands can be, for example, nitrogen (N 2 ), monocyclic, polycyclic 
or fused arenes having 6 to 24, preferably 6 to 18, and particularly preferably 6 to 
12 C atoms, which are unsubstituted or substituted by OH, C,-C«alkyl. 
C,-C 4 all<oxy. C 6 -C 12 aryl or halogen, or monocyclic heteroarenes, fused 
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heteroarenes or fused arene-heteroarenes having 3 to 22, preferably 4 to 16, and 
in particular 4 to 10 C atoms and 1 to 3 heteroatoms chosen from the group 
consisting of O, S and N, which are unsubstituted or substituted by Cj-C^lkyl, 
C,-C 4 all<oxy or halogen; or aliphatic, cydoaBphatic, aromatic or araliphatic nitrites 
having 1 to 22, preferably 1 to 18. particularly preferably 1 to 12, and especially 
preferably 1 to 7 C atoms, which are unsubstituted or substituted by Cyf^alkyl, 
C,-C 4 aIkoxy or halogen. The preferred substttuents are methyl, ethyl, methoxy, 
ethoxy, fluorine, chlorine and bromine. The arenes and heteroarenes are 
preferably substituted by one or two radicals, and particularly preferably are 
unsubstituted. Among the heteroarenes, the electron-rich heteroarenes are 
preferred. The arenes and heteroarenes can be both it- and o-bonded; in the last 
case, they are then the corresponding aryl and heteroaryl radicals. The aryl 
preferably contains 6 to 18, particularly preferably 6 to 12 C atoms. The heteroaryl 
preferably contains 4 to 16 C atoms. 

Some examples of arenes and heteroarenes are benzene, p-cumene, biphenyl, 
naphthalene, anthracene, acenaphthene. fluorene, phenanthrene, pyrene. 
chrysene, fluoranthrene. furan, thiophene, pyrrole, pyridine, y-pyran, y-thiopyran. 
pyrimidine, pyrazine, indole, cdumarone. thionaphthene. carbazole, dibenzofuran, 
dibenzothiophene, pyrazole, imidazole, benzimidazole. oxazole. thiazole. 
isoxazole. fsothiazole, quinoline, isoquinoline, acridine. chromene. phenazine, 
phenoxazine, phenothiazine, triazines, thianthrene and purine. Preferred arenes 
and heteroarenes are benzene, naphthalene, thiophene and benzothiophene. The 
arene is especially preferably benzene and the heteroarene is especially 
preferably thiophene. 

The nitrites can be substituted, for exampl bym th xy. eth xy, fluorine or 
chlorin ; the nitrites are preferably unsubstituted. The alkylnitriles are preferably 
lin ar. Som examples of nitrites are acetonitrile. propionitri! . butyronitrile, 
pentylnitril , hexylnitrile. cyclopentyl- and cyclohexylnitril , benzonitrile, 
methylbenzonitrile, benzylnitrile and naphthylnitrile. The nitriles are preferably 
linear C,-C«alkylnitriles or benzonitrile. Of the alkylnitriles, acelonitril is particularly 
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ln a preferred sub-group, the photolabile ligands are N 2 . benzene which is 
unsubstituted or substituted by one to three C,-C 4 alkyl t thiophene. benzonitrile or 
acetonitriie. 

Non-photolabile Ogand (also called highly coordinating ligand) in the context of the 
present invention means that when the catalyst is irradiated in the visible or near- 
ultraviolet spectral range, the ligand does not dissociate or dissociates to only an 
insignificant extent from the catalyst 

The non-photolabile ligands can be solvating inorganic and organic compounds 
which contain the heteroatoms O. S or N and are often also used as solvents, or 
cyclopentadienyl or indenyl which are unsubstituted or substituted by C^aikyl, 
C^alkoxy, (C^alkyl^Si or (C,-C 4 allcyl) 3 SiO-. Examples of such compounds 
are H a O, H 2 S and MH 3 ; halogenated or unhalogenated, in particular fluorinated or 
chlorinated, aliphatic or cycloaliphatic alcohols or mercaptans having 1 to 18, 
preferably 1 to 12, and particularty preferably 1 to 6 C atoms, aromatic alcohols or 
thiols having 6 to 18, preferably 6 to 12 C atoms, and araliphatic alcohols or thiols 
having 7 to 18. preferably 7 to 12 C atoms; aliphatic, cycloaliphatic, araliphatic or 
aromatic ethers, thioethers, sulfoxides, sulfones, ketones, aldehydes, carboxylic 
add esters, lactones, optionally N-C,-C 4 mono- or -dialkylated carboxylic acid 
amides having 2 to 20, preferably 2 to 12. and in particular 2 to 6 C atoms and 
optionally N-C^alkylated lactams; aliphatic, cycloaliphatic. araliphatic or 
aromatic, primary, secondary and tertiary amines having 1 to 20. preferably 1 to 
12, and particularly preferably 1 to 6 C atoms; and unsubstituted or substituted 
cyclopentadienyls, for example cyclopentadienyl, indenyl and mono- or 
polymethylated or trimethylsilylated cyclopentadienyls or indenyls. 

Examples f such non-photolabile ligands are m thanol, ethanol, n- and 
i-propanol, n- ( i- and t-butanol, 1,1,1-trifluoroethanol, bistrifluoromethylmethanol, 
tristrifluoromethylmethanol, pentanol, hexanol, methyl- or ethylmercaptan, 
cyclopentanol, cyclohexanol, cyclohexylmercaptan, phenol, methylphenol. 
fluorophenol, phenylmercaptan, benzylmercaptan, benzyl alcohol, diethyl ether, 
dimethyl ether, diisopropyl ether, di-n- or di-t-butyl ether, tetrahydrofuran, 
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tetrahydropyran. dioxane, diethyl thioether, tetrahydrothiophene, dimethyl 
sulfoxide, diethyl sulfoxide, tetra- and pentamethylene sulfoxide, dimethyl suffone, 
diethyl sulfone, tetra- and pentamethylene sulfone, acetone, methyl ethyl ketone. ~ 
diethyl ketone, phenyl methyl ketone, methyl isobutyl ketone, benzyl methyl 
ketone, acetaldehyde, propionaldehyde, trifluoroacetaldehyde, benzaldehyde. 
ethyl acetate, butyrolactone, dimethytformamide, dimethylacetamide, pyrrolidone 
and N-methylpyrrolidone, indenyl, cyclopentadienyl, methyl- or dimethyl- or 
pentamethylcyclopentadienyl and trimethylsilylcydopentadienyl. 

The primary amines can be those of the formula R n UH l9 the secondary amines 
those of the formula R^R^NM and the tertiary amines those of the formula 
R^R^F^N, in which R» is C,-C,8alkyl. C r or C«cydoalkyl which is unsubstituted 
or substituted by C^alkyl or CrC 4 alkoxy, or C«-C lt aryl or CrC ta aralkyl which are 
unsubstituted or substituted by C,-C 4 alkyl or C r C 4 alkoxy. independently has 
the meaning of R Mt or R25 and R* together are tetramethylene, pentamethylene, 
3-oxa-1,5-pentylene or-CHrCH r NH-CHrCH r or-CH 2 -CH 2 -N(C t -C 4 alkyl)-CH a - 
CH 2 - ( Ra and independently of one another have the abovementioned 
meanings, and R^ independently has the meaning of R^ The alkyl preferably 
contains 1 to 12, and particularly preferably 1 to 6 C atoms. The aryl preferably 
contains 6 to 12 C atoms and the aralkyl preferably contains 7 to 9 C atoms. 
Examples of amines are methyl-, dimethyl-, trimethyh ethyl-, diethyl-, triethyh 
methylethyh dimethylethyl, n-propyh di-n-propyl-, tri-n-butyK cyclo-hexyh 
phenyl- and benzylamine, and pyrrolidone, N-methylpyrrolidine, piperidine, 
piperazine, morpholine and N-methylmorpholine. 

In a preferred sub-group, the non-photolabile ligands are H 2 O t NHj and 
unsubstituted or partly or completely fluorinated d-C 4 alkanols. H 3 0, NH 3 , 
cyclopentadienyl, methanol and ethanol are especially preferred. 

The ruthenium and osmium compounds to be used according to the invention can 
be mono- or polynucl ar, for xample those having two or three metal centres. 
The metal atoms can be bonded here via a bridge group or metal-metal bonds. 
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Among the compound? with a plurality of metal centres, those of the formula Villa 
orVlllb 



Ug— Me^ ^Me— Lig 



"K / \ / Y 

'So 



2 + 
2V 

2V 



ug 



(Villa) 



(Vlllb) 



in which Ug is a photolabile ligand and Me is Ru or Os, A* A 10 and A„ are a 
divalent bridge group, and Visa monovalent non-coordinating anion, are 
preferred. The bridge group is preferably ionic, and particularly preferably a halide, 
especially preferably chloride, bromide or iodide. The photolabile ligand is 
preferably identical or different arenes, and V can be the anions listed below, and 
especially chloride, bromide or iodide. An example of such complexes is 
[CsHaRu^l^RuCeHJCK Preferred catalysts according to the invention correspond 
to the formula IX 



in which 

Me is ruthenium or osmium; 
n is 0,1. 2, 3, 4. 5, 6, 7 or 8; 
L, is a photolabile ligand; 

L 2 , L 3t L 5 and L« independently of one another are a non-photolabile or a 

photolabile ligand; 
m is 1,2. 3, 4,5 or 6; 

o, p, q. r and s independently of one another areO, 1, 2, 3, 4 or 5; 
z,, z a , z 3l z 4l Zj, Za and z 7 independently of one another ar -4, -3, -2, -1 , 0, +1 or 
+2; and 

L 7 is a non-coordinating cation or anion; 
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where the sum of m ♦ o + p ♦ q + r + s is an integer from 2 to 6 and t is the 
quotient of(n + m.z, + o«z 2 + p»z 3 +q»z 4 + r»Zs + s. 2j/z T . 

In the formula IX, L 7 is preferably halogen (for example CI, Br and I), the anion of 
an oxygen acid BF 4 , PF* SiF, or AsF* 

The anions of oxygen adds can be. for example, sulfate, phosphate, perchlorate. 
perbromate. periodate. antimonate, arsenate, nitrate, carbonate, the anion of a 
C,-C s carboxylic acid, for example formate, acetate, propionate, butyrate. 
benzoate, phenylacetate or mono-, di- or trichloro- or -fluoroacetate. sulfonates, 
for example methylsulfonate. ethylsulfonate. propylsulfonate. butylsuWbnate, 
trifluoromethytsulfonate (triflate) or phenylsulfonate or benzyteulfonate which are 
unsubstituted or substituted byC,-C«alkyl. C,-C«alkoxy or halogen, in particular 
fluorine, chlorine or bromine, for example tosylate. mesylate, brosylate. 
p-methoxy- or p-ethoxyphenylsulfonate. pentafluorophenylsulfonate or 
2.4,6-triisopropylsulfonate. and phosphonates. for example methylphosphonate. 
ethylphosphonate. propylphosphonate, butylphosphonate. phenylphosphcnate. 
p-methylphenylphosphanate and benzylphosphonate. 

Preferably, in the formula IX. Me is ruthenium, in particular Ru 2 *. 

A group of compounds of the formula IX which is to be singled out in particular is 
that in which the ligands L„ L a . L,. U U and U independently of one another are 
aliphatic, cycloaliphatic, aromatic or araliphatic nitriles having 1 to 22 C atoms, 
which are unsubstituted or substituted by C,-C«alkyl. C,-C*alkoxy or halogen, or 
C a -Cttaryl; or I,, L a and L 3 together are monocyclic, polycyclic or fused arenes 
having 6 to 24. preferably 6 1 18. and particularly preferably 6 1 1 2 C atoms, 
which are unsubstituted or substitututed by -OH. C,-C 4 alkyl. C,-C 4 alkoxy. 
C 8 -C„aryl or halogen, or monocyclic h teroarenes. fused heteroarenes or fused 
ar n -heteroaren s having 4 to 22 C atoms and 1 to 3 heteroatoms chosen from 
th group consisting of O. S. and N. which are unsubstituted or substituted by 
-OH. C,-C 4 alkyl, C,-C«alkoxy or halogen, and U L, and U together have the sam 
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meaning, or individually, independently of one another/are N 2 or the said nitrite or 
the said C e *C ia aryl. 

A preferred sub-group of the above compounds of the formula IX are those in 
which the ligands L 1a L* L 3 , U. t*and L* independently of one another are N 2 . 
C r C»alkylnitrile, C*-C 12 arylnitrile, Cr^«aralkylnttrile # C»-C 12 aryl or L t( U and L 3 
each together are the groups A, or Aa 




in which 

Ra. R»> R». R 3 i. R*. Rss. R34. R35. R» and R 37 independently of one another are hydrogen, 
CrCjoalkyt, C 1 -C 20 slkoxy l aryl or SiR^R^*, where, in the case of groups A, and Aj on 
adjacent carbon atoms, an aromatic or heteroaromatic ring, the heteroatoms of which are 
chosen from oxygen, sulfur and nitrogen, can be fused on; and R Mf R M and R*, 
independently of one another are Cj-C^Ikyl, C 5 - or C*cycloalkyl, or phenyl or benzyl which 
are unsubstituted or substituted by Chalky! or C,-C 6 alkoxy v preferably C,-C 9 alkyl t phenyl 
or benzyl, particularly preferably C,-C 4 alkyl t phenyl or benzyl, and 
L4, L 5 and L« likewise together have this meaning or are each individually N 2 , the 
said nitrites or the said C s -C Y2 aryl, or are an arene or heteroarene. 

From this tj; wup of compounds of the formula IX which is to be singled out, 
preferred compounds ar thos in which 

Li. L 2 , L 3 . U, L 5 and U independently of one another are C r C t2 alkylnitrile, 
C 6 -C 12 arylnitrile, or L u L 2 and L 3 each together are the groups A t or A 2 and L 4 , L 5 
and U likewise together have this meaning or each individually are N 2l the said 
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R». R». Rso> R31. R32. R». Rm. Ras. R* and R 37 independently of one another are 
hydrogen, C r C 0 alkyl, d-Cgalkoxy, Sift^R^R* or phenyl, where, in the case of the 
groups A t and Aj on adjacent carbon atoms, a benzene ring can be fused on, and 
Rjb. R» and R*, are methyl, ethyl or phenyl. 

In an especially preferred embodiment of the process according to the invention, 
the catalyst used is that of the formula IX, in which 

Li. L 2 , L 3 , U. U and L* independently of one another are methytnitrile, ethylnitrile 
or phenylnitrile, or L t , L 2 and L 3 each together are the groups A, or A 2 and U, U 
and Is likewise together have this meaning or each individually are the said 
nitrites, in which Rj* R»; R*. Rs,, R^, R^, R34, R35. R» and R 37 independently of 
one another are hydrogen, methyl, methoxy or phenyl, where, in the case of the 
groups A t and A* on adjacent carbon atoms, a benzene ring can be fused on. 

Another particularly preferred sub-group of the compounds of the formula IX are 
those in which L 1t L 2 and L 3 together are monocyclic polycydic or fused arenes 
having 8 to 24, preferably 6 to 18, and particularly preferably 6 to 12 C atoms, 
which are unsubstrtuted or substituted by C r C«alkyl, C r C 4 alkoxy, C,-C 12 aryl or 
halogen, or monocyclic heteroarenes, fused heteroarenes or fused arene- 
heteroarenes having 4 to 22, preferably 4 to 16, and in particular 4 to 10 C atoms 
and 1 to 3 heteroatoms chosen from the group consisting of O. S and N, which are 
unsubstrtuted or substituted by Chalky!, C,-C 4 alkoxy or halogen, and U L 5 and 
U are a non-photolabile ligand, the previous preferred meanings also applying 
here. 

In this sub-group, L,, L 2 and L 3 are pr ferably benzene or naphthalene, and th 
non-photclabil ligand is preferably H 2 0 ( NH* C,-C 4 alkanol or -alkanethiol which 
ar unsubstituted or substituted by fluorin , aliphatic ethers, thio thers, sulfoxides 
and sulfones having 2 to 8 C atoms, dimethylformamide or N-methylpyrroIidon . 

In another preferred sub-group of compounds of the formula X, the compounds 
are ruthenium and osmium compounds of the formula X 
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IL.MeO.^tY.T** (X), 

in which L, is a photolabile ligand and U is a non-photolabile ligand, Me is Ru or 
Os, Y, is a non-coordinating anion and x is the numbers 1 , 2 or 3. For the 
photolabile ligands, non-photolabile ligands, Me and Y,, the abovementioned 
preferred meanings apply. Particularly preferably, L, is N t or a nitrite, for example 
C,-C4alkylnitrile (acetonitrte), benzonitrile or benzylnitrlle, L, is NH a or an amine 
having 1 to 12 C atoms, Y, is a non-coordinating anion and x is the number 1 or 2. 

Catalysts which are particularly suitable for the present invention are (tos is 
tosylate and tis is 2,4.6-triisopropylphenylsulfonate): Ru(CH a CN)«(tos)2, 
RuCCHjCHjCNMtOs),, RufCHaCNMCFjSOak, Ru(CH,CH,CN),(CF,SOa) a . 
Ru(C^ a (tos) 2 , IR^C^^OCH^KBFJ,. [RulC.r^C.Hei-propyOKBF^, 
(RufCsH^tl.a.^trirnethylphenoOllBFJj.lRuf^HJthoxamethylbenzeneWtBFJj. 
[Ru^JtbiphenvOKBF^lRuiC^tchryseneMtBFO,, 
(RutCoHJtnaphlhateneJKBF^j, [Ru(cycJopentadienyl)(4-methylcumyO]PF 8> 
[Ru(cyanophenyl) a Ktos) a ,[Ru(cyanophenyy(CF 3 S03), l 
(Ru(C,H e )(tetramethytthiophene) J(tos),. Fu(C,H,)(CH,CN),](toa) a . 
[Ru(C,H e )(tetramethyrthiophene)J(CF 3 S03) 2l [Ru(CeH s )(CH 1 CN)J(CF a S03) J . 
IRufC.H.XCHjOrMtos)* IRufCsHJfCHjOHJJftis),. tOstNH&NjrPF,)* 
IRutNHjJsNJtPFa),, [Ru(NH ] )s(CH 3 CN)]BF 4l IRutC^NHJjKtis),. 
[RutC^^tetrahydrothiopheney^FjSO^, [Ru((CH 3 ),S) 1 C,Hj(tos)j,(Ru(dimethyl 
sulfoxide^CsHeKPFeJj. [RuflimetaylformamidekC^HeKPFJj. iRutCahyCljk and 

[Ostc^cy,. 

Ruthenium and osmium catalysts to be used according to the invention are either 
known and in some cas s commercially obtainable, or can b prepared 
analogously to known processes. Such catalysts and their preparation are 
described, for exampl , in Giikerson, W.R.. Jackson. M.O., J. Am. Chem. Soc. 
101:4096-411 (1979), Bennett. M.A., Matheson, T.W.. J. Organomet. Chem. 
175:87-93 (1979), Moorehous , S., Wilkinson. G., J. Chem. Soc.; Dalton Trans., 
2187-2190 (1974) and Luo. S.. Rauchfuss, T.B.. Wilson. S R.. J. Am. Chem. Soc. 
114:8515-8520(1992). 
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2. Heat-stable molybdenum(VI) or tungsten(VI) compounds which can be 
activated by heat or with radiation and have at least two methyl groups or two 
monosubstituted methyl groups bonded to the metal, the substituent having no 
hydrogen atom in the a position. 

The other valencies of the molybdenum* and tungsten are preferably satisfied by 
heat-stable neutral ligands, a very large number of which are known. The number 
of neutral ligands may also exceed the stoichiometrfcally possible number 
(solvates). Heat stability has been explained above. At temperatures above 50°C, 
for example 60 to 300*C, these molybdenum and tungsten compounds are also 
activated by heat 

The molybdenum and tungsten compounds to be used according to the invention 
can be those which contain one metal atom, or two metal atoms bonded via a 
single, double or triple bond. The methyl group or monosubstituted methyl group 
bonded to the metal is bonded at least twice, particularly preferably two to six 
times, and especially preferably two to four times, as a ligand. This ligand 
preferably is that of the formula IX 

-CH r R (XI). 

in which R is H, -CF 3f -SiRaRj^, -CR^R^R*. or C 6 -C l6 aryl or C 4 -C,sheteroaryI 

having 1 to 3 heteroatoms from the group consisting of O, S and N, which are 

unsubstituted or substituted by Chalky! or C,-C 8 alkoxy; and 

R41. R42 and R43 independently of one another are CrCoalkyl, which is 

unsubstituted or substituted by C,-C 1c alkoxy. or R*, and R« have this meaning and 

R« is C 6 -C 10 aryl or C^^eteroaryl, which is unsubstituted or substitut d by C r 

C 6 aikyl or C r C«alkoxy; and 

R3* R39 and R40 are as d fined above. 

Alkyl Ra, to R43 can be linear or branched and preferably contain 1 to 8, and 
particularly preferably 1 to 4 C atoms. Ary! R M to R43 is preferably phenyl or 



-58- 



Aryl R in formula XI is preferably phenyl or naphthyl. Heteroaryl R in formula XI is 
preferably pyridinyl, furanyl, thiophenyl or pyrrolyl. 

Preferred substituents for R M to R43 in the context of the definitions are methyl, 
ethyl, methoxy and ethoxy. Examples of the radicals R M to R^, have been given 
above under the compounds of the formula I. 

In a preferred embodiment, the group R in formula XI is H, -0(013),, -{CH J ) I C B H 5 . 
phenyl which is unsubstituted or substituted by methyl, ethyl, methoxy or ethoxy. 
-CFaor-SKCH,),. 

The other valencies of the Mo(VI) and W(V1) atoms may be satisfied by identical 
or different ligands from the group consisting of =0, sN-R«4, secondary amines 
having 2 to 18 C atoms, R43O-, R45S-, halogen, unsubstituted or substituted 
cyclopentadienyl, bridged biscyclopentadienyl, tridentate monoanionic ligands and 
neutral ligands, for example ethers, nitrites, CO and tertiary phosphines and 
amines, in which the R« independently of one another are linear or branched 
C,-C„alkyl which is unsubstituted or substituted by C,-C,alkoxy or halogen, C*- or 
Cgcycloalkyl which is unsubstituted or substituted by C,-C«alkyl. C,-C«alkoxy or 
halogen, phenyl which is unsubstituted or substituted by C,-C«aJkyl, C,-C«alkoxy. 
C^salkoxymethyl. C,-C,alkoxyethyl or halogen, or benzyl or phenylethyl which 
are unsubstituted or substituted by C,-C 5 alkyl, C r C 9 alkoxy, C,-C,alkoxymethyl. C,- 
C^lkoxyethyl or halogen; and R« is linear or branched C,-C ie alkyl which is 
unsubstituted or substituted by C,-C»alkoxy, C,- or C 8 cydoalkyl which is 
unsubstituted or substituted by C^aHcyl. C,-C,alkoxy or halogen, phenyl which is 
unsubstituted or substituted by C,-C s a!kyl. C,-C 6 alkoxy. C,-C 9 alkoxymethyl. 
C,-C»alkoxyethyl, dKC-CealkyOamino. di(C,-C 6 alkyl)amino-C,-C 3 alkyl or halogen, 
or benzyl or phenylethyl which are unsubstituted or substituted by C,-C B alkyl. 
C,-C 5 alkoxy. C,-C 6 alkoxym thyl, C,-C«aIkoxyethyl or halogen. 

Secondary amines are preferably those of the formula RtJRuN-, in which R* and 
R^ independently of one another are linear or branched Ci-C, 8 alkyl; C 5 - or 
C 6 cydoalkyl; benzyl or phenylethyl which are unsubstituted or substituted by 
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Ct-Cjalkoxy, or halogen, or (C^-CalkyOjSi; or and R 47 together are 
tetramethyiene, pentamethylene or 3-oxapentane-1,5-diyl. The alkyl preferably 
contains 1 to 12, and particularly preferably 1 to 6 C atoms. Some examples are 
dimethyl-, diethyl-, di-n-propyl-, di-i-propyl-. di-n-butyh methyjethyh dibenzyh 
benzylmethyh diphenyK phenyl-methylamino and di(trimethylsiiyl)amino. 

Halogen as a ligand or substituent is preferably F or CI, and particularly preferably 
CL 

The cydopentadienyl can be unsubstituted or substituted by one to five C,-C 4 alkyl. 
in particular methyl, or -Si(C,-C 4 alkyl), in particular -Si(CH 3 ) 3 . Bridged 
cyclopentadienyls are, in particular, those of the formula R^-A-R^. in which R« is 
cydopentadienyl which is unsubstituted or substituted by one to five C-G«alkyi, in 
particular methyl, or -Si(C,-C 4 alkyl). in particular -SKCHjk , and A is -CH*-. 
-CH 2 -CH r . -SKCH^r. -Si(CH,)rSi(CH,) a - or -SKCHJrO-SHCHa)*-. 

Ethers as neutral ligands can be dialkyl ethers having 2 to 8 C atoms or cyclic 
ethers with 5 or 6 ring members. Some examples are diethyl ether, methyl ethyl 
ether, diethyl [sic] ether, di-n-propyl ether, di-i-propyl ether, dki-butyl ether, 
ethylene glycol dimethyl ether, tetrahydrofuran and dioxane. 

Nitriles as neutral ligands can be aliphatic or aromatic nitrites having 1 to 12, 
preferably 1 to 8 C atoms. Some examples are acetonflrile. propionitrile, 
butylnttrile. benzonitrile and benzylnrtrile. 

Tertiary amines and phosphines as neutral figands can be those havfag 3 to 24, 
preferably 3 to 1 8 C atoms. Some examples are trimethylamin and -phosphin , 
triethylamine and -phosphine, tri-n-propylamine and -phosphin , tri-n-butylamine 
and -phosphine, triphenylamine and -phosphine, tricyclohexylamine and 
-phosphine, phenyldimethylamine and -phosphin . benzyldimethylamine and 
-phosphine, 3.5-dimethylphenykiimethylamin and -phosphine. 
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The tridentate monoanionic ligands can be, for example. hydro(tris-pyrazoM- 
yQborates or alkyl(trispyrazol-1-yl)borates. which are unsubstituted or substituted 
by one to three C,-C 4 allcyl [see Trofimenko. S.. Chem. Rev.. 93:943-980 (1993)]. 
or IC^R'sJCofRsoRwPsOJJ-, in which R' is H or methyl and R^and R* 
independently of one another are C,-C 4 alkyl, C,-C 4 alkoxy or phenyl [see Klaui. W.. 
Angew. Chem. 102:661-670(1990)]. 

Halogen as a substrtuerrt for the radicals R* and R* Is preferably fluorine, and 
particularly preferably chlorine. The substttuents alkyl, alkoxy or alkoxy in 
alkoxymethyl or -ethyl preferably contain 1 to 4, and in particular 1 or 2 C atoms. 
Examples are methyl, ethyl, n- and i-propyl, n-. I- and t-butyl. methoxy, ethoxy, n- 
and i-propyloxy and n-, I- and t-butyloxy. 

Alkyl R44 and R* preferably contain 1 to 12, particularly preferably 1 to 8, and 
especially preferably 1 to 4 C atoms. The alkyl is preferably branched alkyl. Some 
examples of R* are methoxy, ethoxy, n- and l-propyloxy. n-, i- and t-butyloxy, 
hexafluoro-i-propyloxy and hexa- and perfluorobutyloxy. 

Some examples of substituted phenyl and benzyl R^and R» are p-methylphenyl 
or benzyl, p-fluoro- or p-chlorophenyl or -benzyl, p-ethylphenyl or -benzyl, p-n- or 
i-propylphenyl or -benzyl, p+butylphenyl or -benzyl. 3-methylphenyl or -benzyl, 
34-propylphenyl or -benzyl. 2.6-dimethylphenyl or -benzyl. 2.6-dH-propylphenyl or 
-benzyl, 2,6-di-rv or -t-butylphenyl and -benzyl. R«$ is particularly preferably phenyl 
which is unsubstituted or substituted by C.-C^lkyl or C,-C 4 alkoxy. 

In a preferred embodiment, the molybdenum and tungsten compounds are. in 
particular, those of one of the formulae XII to Xllc 
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(Xlla). 



(Xllb). 



(Xllc) 



in which 

MeisMo(VI)orW(Vl); 

at least two, preferably 2 to 4. of the radicals R a to R^are a radical -CH r R of the 
formula XI in which R is as defined above; 

in each case two of the other radicals of to R* are =0 or =N-R 44 , and R44 is as 
defined above; and/or 

the other radicals of R53 to R„ are secondary amino having 2 to 18 C atoms, R«0- 
or R^S-, halogen, cydopentadienyl or bridged biscyctopentadienyl 0 r a neutral 
ligand, in which R* is as defined above. For the radicals R, R* and R*. the 
abovementioned preferred meanings apply. 

In a particularly preferred embodiment, molybdenum or tungsten compounds of 
the formula XII which are employed in th composition according to the invention 
are those in which 

a) Rjj to R M are a radical of the formula XI -CH 2 -R. or 
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b) R53 and R* are a radical of the formula XI -CH^R. R» and R» together are the 
radical sN-R^, and R57 and R* together independently of one another are R4S-O- 
or halogen, or 

c) Rs, and R M together and R55 and R» together are the radical = N-R44. and R57 - 
and Rss are a radical of the formula XI -CH r R. 

in which R, R« and R43 have the above meanings* For R 9 R* and R43, the above 
preferred meanings apply. 

Particularly preferred compounds of the formula Xlic are those in which R Mt R* 
and R tt are a radical of the formula XI, the radical of the formula XI particularly 
preferably being -CH r Si(C r C 4 alkyl) 3 . 

Molybdenum or tungsten compounds which are especially preferably used in the 
composition according to the invention are those of the formulae XIII, Xllla or Xlllb 

R ss CH--R 
\/ 

Me = N-R-, (X' 11 ). 

/\ 

R54 CH2-R 



CH,-R 



CH a -R 



(Xllla). 



R-H-C CHj-R 

\/ 

Me=N-R, 
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CH,.R 



(Xlllb). 



in which 

M isMo(VI)orW(VI), 
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R is H, -CtCHj),, -C(CH s )rC,H,. -C,Hj or -SKC^Ikyl),, 
Rn is phenyl or phenyl which is substituted by 1 to 3 C,-C«alkyl or C,-C«alkoxy. 
Rsj is linear or branched C,-C 4 alkoxy which is unsubstituted or substituted by 
fluorine, and - 
Ru has the same meaning as Rm or is F. a or Br. Rn is particularly preferably 
branched alkoxy. which is unsubstituted or partly or completely substituted by F, 
for example i-propyloxy. \- and t-butyloxy, hexafluoropopyloxy [sic] and 
nonafluoropropyloxy. R M is preferably CI. 

Some examples of molybdenum and tungsten compounds are: 
W(=N-(^9)(OC(CH,W^ 

W(=N-C^H a ){OC(CF 3 ) 2 Cr^[(CH a Si(CH^ s )J 2 .W(=NC^H a )tCH 2 Si<CHJj3C 

Mo^N-^&tfmemyiCeHMCHrC^ 
Mo(=N-2.6^iisopropy1C 8 H 3 ) J t(CH r C 9 H 3 )) J , 
Mo(=N-2,6-diisopropylC e H 3 ) J [(CH 2 C(CH 3 )j-C 9 H 5 )) J and 
Mo(=N-2.6-<JimethylC^ 3 ) J (CH,) J (tetrahydrofuran). 

The molybdenum and tungsten catalysts to be used according to the invention are 
known or can be prepared by known and analogous processes starting from the 
metal halides by means of Grignard reactions [see, for example, Huq. F.. Mowat, 
W., ShorMand, A.. SkapsW. A.C., Wilkinson. G., J. Chem. Soc., Chem. Commun. 
1079-1080 (1971) or Schrock. R.R., Murdzeck, J.S.. Bazan. G.C., Robbins, J., 
DiMare. M.. OTlegan, M., J. Am. Chem. Soc 112:3875-3886 (1990)}. 

3. Heat-stable titanium(IV). niobium(V). tantalum (V). molybdenum(VI) or 
tungsten(VI) compounds in which a silylmethyl group and at least one halogen are 
bonded to the metal. These one-component catalysts are particularly 
photocatalytically active. 

The titanium(tV), niobium(V) and tantalum(V) compounds to be used according to 
the invention are those which contain one metal atom. The molybdenum(VI) and 
tungsten(VI) compounds to be used according to the invention can be those which 
contain one metal atom, or two metal atoms bonded via a sing! . double or tripl 
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bond. The other valencies of the titanium, niobium, tantalum, molybdenum and 
tungsten are preferably satisfied by heat-stable neutral ligands, the definition of 
heat stability having been given above. The halogen bonded to the metal atom is 
preferably F, Ct, Br and I, more preferably F. CI and Br, and particularly preferably 
F or CI. The silylmethyl flgand preferably corresponds to the formula XIV 

-CHj-SiRjaRwR*, {XIV), 

in which 

Rw. R» and R40 independently of one another are C,-C 18 alkyl, C 5 - or C,cycioalkyl 
or phenyl or benzyl which are unsubstituted or substituted by C,-C a alkyl or 
Ct-Cealkoxy. 

Alkyl Rj, to can be linear or branched and preferably contains 1 to 12. 
particularly preferably 1 to 8, and in particular 1 to 4 C atoms. The particularly 
preferred alkyl is methyl and ethyl. 

Preferred substrtuents for phenyl and benzyl R M to R«, in the context of the 
definitions are methyl, ethyl, methoxy and ethoxy. 

In a preferred embodiment R M to R* in the group of formula XIV are C^alkyl, 
phenyl or benzyl. 

Some examples of the group of the formula XIV are -CHj-SKCHJa, -CHj-SHCjHs),, 
-CHa-SKn-CaHrJa, -CHj-SKn-C^)* -CH a -Si(CH3) 2 (rvC 4 H 9 ). -CHr8i(CH^t-G«HJ. - 
CHrSKCH^CjHj). -CHj-Si^HjJjICJCHj^CH^HjJJ. -CHj-SitCH^n-CaHjs). - 
CHrSKCHjMn-CwH*). -CrVSi(C 0 H s ) 3 . -CHrSKCrVC.Hs),. -CHa-SKCeHjXCH,), 
and -CH 2 -Si(CH,-C 6 H 9 )(CH 3 ) 2 
-CH 2 -Si(CH 3 )3 is especially preferred. 

The other val ncies of th Ti(IV). Nb(V), Ta(V). Mo(VI) and W(VI) atoms may be 
satisfied by identical or different neutral ligands, for example chos n from the 
group consisting of =0, =N-R44. secondary amines having 2 to 18 C atoms, R 4i O-, 
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R^S-. halogen, substituted or unsubstituted cydopentadienyl, bridged 
biscyclopentadienyl, tridentate monoanionic ligands and neutral Bgands, for 
example ethers, nitrites, CO and tertiary phosphines and amines, in which the R«s 
independently of one another are linear or branched C,-C 18 alkyl which is 
unsubstituted or substituted by C,-C 6 alkoxy or halogen, C s - or Ccycloalkyl which 
is unsubstituted or substituted by C-C^Ocyt, C,-C«alkoxy or halogen, phenyl which 
is unsubstituted or substituted by Cr^alkyl, C,-C«alkoxy, 
C-C^lkoxymethyl, C,-Calkoxyethyl or halogen, or benzyl or phenylethyl which 
are unsubstituted or substituted by C-Cealkyl. C,-C»alkoxy, C,-C^lkoxymethyl. C,- 
C,alkoxyethyl or halogen; and Ru is linear or branched C^^lkyl which is 
unsubstituted or substituted by Ct-Cgalkoxy, Cs- or Ccycloalkyl which is 
unsubstituted or substituted by C,-C»alkyl, C,-C 6 alkoxy or halogen, phenyl which is 
unsubstituted or substituted by C,-C 6 alkyl, C-Cealkoxy. C,-C»alkoxymethyl, 
C-CBalkoxyethyl. dKC,-C«-alkyl)amino. di(C,-C.-alkyl)amino-C 1 -C 3 alkyl or halogen, 
or benzyl or phenylethyl, which are unsubstituted or substituted by 
C,-C 6 alkyl, Ct-C,alkoxy, C-Qalkoxymethyl, C,-C»alkoxyethyl or halogen, with the 
proviso that in the case of the titanium compounds, the ligand is not =0 or =N-Ra. 

The definitions and preferences of and R** of secondary amines, of halogen 
as a further ligand on the metal atoms or as substituent, of cydopentadienyl, 
ethers, nitrites, tertiary amines and phosphines as neutral ligands and of tridentate 
monoanionic ligands have been given previously. Likewise given previously were 
the definitions and preferences of alkyl. akoxy or alkoxy as a substituent in 
alkoxymethyl or -ethyl. 

In a preferred embodiment, the metal compounds are those, in particular, of the 
formulae XV, XVa or XVb 




(XV). 
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Ti^ (XVb). 
in which 

Me, is Mo(Vl) or W(V1); 
Me 2 isNb(V)orTa(V); 

one of the radicals Re» to R, 4 is a radical -CHrSiRMRwR* of the formula XIV; 
at least one of the radicals R« to R 7 « is F. CI or Br, 

R H , R M and R«, independently of one another are C,-C,alky1, C»- or Cecycloalkyl, 
or phenyl or benzyl which are unsubstituted or substituted by C,-C 9 alkyl or 
C,-C 9 alkoxy; 

in formula XV two or in each case two, and in formula XVa two of the other 
radicals of R* to R» each together are =0 or =N-R«, and R* is linear or branched 
C r C„alkyl which is unsubstituted or substituted by C-Cealkoxy, (V or 
Ccycloalkyl which is unsubstituted or substituted by C,-C,alkyl ( C,-C,alkoxy or 
halogen, phenyl which is unsubstituted or substituted by C,-C,alkyl. C,-C»alkoxy, 
C r C,alkoxymethyl, C-Caalkoxyethyl. di(C,-C,alky1)amino. di(C, -C,alkyl)amino- 
C,-C 3 alkyl or halogen, or benzyl or phenylethyl which are unsubstituted or 
substituted by C,-C,alkyl. C,-C,alkoxy. C,-C,alkoxymethyl, C,-C,alkoxyethyl. di(C,- 
C,alkyl)amino, di(C,-C^ilkyl)amino-C,-Cjalkyl or halogen, and 
the other radicals are secondary amino having 2 to 18 C atoms, R„0- or R^S-. 
halogen, unsubstituted or substituted cyclopentadienyl or bridged 
biscyclopentadienyl or a neutral ligand. in which the R* independently of one 
another are linear or branched C.-Calkyl which is unsubstituted or substituted by 
C,-C,aIkoxy or halogen, C 9 - or Cjcycloalkyl which is unsubstituted or substituted 
by C,-C 8 alkyl. C",-Cealkoxy or halogen, phenyl which is unsubstituted or substituted 
by C,-C s alkyl, C-Cealkoxy. C,-C,alkoxymethyl, C-Calkoxyethyl. dKC-Cr 
alkyl)amino, di(C r C 8 -alkyl)amino-C,-C 3 alkyl or halogen, or benzyl or phenylethyl 
which are unsubstituted or substituted by 0,-Cealkyl, C,-C 8 alkoxy, 
C,-C 6 alkoxymethyl, Ct-Cealkoxyethyl. di(C,-C,-alkyl)amino, di(C,-C,-alkyl)amino- 
C,-C 3 alkyl or halogen; or 
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in the formulae XV. XVa and XVb. the other radicals independently of one another 
are secondary amino having 2 to 18 C atoms. R«$0- or R^S-. halogen, 
unsubstituted or substituted cyclopentadienyl or bridged biscydopentadienyl or a 
neutral ligand, in which the independently of one another are linear or 
branched C,-C 18 alkyl which is unsubstituted or substituted by C,-C,aikoxy of 
halogen. C s - or CgCydoalkyl which is unsubstituted or substituted by C.-C,alkyl. 
C,-C 6 alkoxy or halogen, phenyl which is unsubstituted or substituted by 
C,-C»a!ky1, CrCalkoxy. C,-<^alkoxymethyl. C-C^Bcoxyethyl. di(C,-C,-alkyl)- 
amino. dKC-Ce-alkyOamino-C-C^lkyl or halogen, or benzyl or phenyfethyl which 
are unsubstituted or substituted by C,-C 8 alkyl. C-f^alkoxy C-C,afflcoxymethyi. C- 
C,alkoxyethyl. di(C,-C s -alkyl)amino. di(C,-C 4 -aIkyi)amino-C.-C,-attcyi or natogen 

For the radicals R» to R74. the abovementwned preferred nwarangs apply 

In a particularly preferred embodiment metal compounds of the formulae XV. XVa 
or XVb which are used in the process according to the mventoon are those m 
which 

Re, is a radical off the formula XIV -CH,-SiR»R»R«e and R- « F. Ci or Br. and 
(a) in formula XV R„ and Rtj. and R n and R f « «ach case together are the 
radical =N-R„. or R„ and R„ together are the radical =N-R«. and R n ana R-. 
independently of one another are unsubstituted or substituted cyctopentadienyl. 
R^-O- or halogen, or 

b) in formula XVa R„ and R* together are the radical =N-R„ and R^ is 
unsubstituted or substituted cydopentadienyl. R„-0- or halogen, or m formula 
XVa R„. Rti and R„ independently off one another are unsubstituted or 
substituted cydopentadienyl. R«-0- or halogen, or 

c) in formula XVb R„ and R„ independently of one another are unsubstituted or 
substituted cydopentadienyl. R^-O- or halogen. 

in which R M to R« have the above m anings. For R,». R». R«o. R44 and R«j. th 
abov preferred m anings apply. 



Metal compounds which are especially preferably used in th process according 
the invention are those of the formulae XVI. XVIa. XVIb. XVIc or XVId 
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'-xl 



Me 1 =N*R u (XVI). 



CH 2 -R yj 



I 



Ms, 



V3 



\ 



(XVIa). 



CH,-R n 
R 5 -Me,=M4? B1 (XVIb). 
2 



CH,-R rs 



/ 
«,1 M«» 



\ 



Fl 



(XVIc). 



CH,-R» 



RiT-1 



(XVId). 



in which 

Me,isMo(VI)orW(VI); 
Me,isNb(V)orTa(V); 

R n is -Si(C,-C 4 aflcyl)3; 
Z is CI or Br, 

R«, is phenyl or phenyl which is substituted by 1 to 3 C,-C 4 alkyl or C,-C«alkoxy. 

(a) H n and R 74 in formula XVI together are the group *NR„ or individually 
independently of on another are F. CI. Br, linear or branched C,-C 4 alkoxy which 
is unsubstituted or substituted by fluorine, phenyloxy which is unsubstituted or 
substituted by C,-C«alkyl or C,-C 4 alkoxy. or cyclopentadienyl which is 
unsubstituted or substituted by C,-C 4 alkyl; 

(b) R„. R„. Rn and R 74 in formula XVIa ind pendenlly of one another are F. CI. 
Br. lin ar or. in particular, branched C,-C 4 -alkoxy which is unsubstituted or 
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substituted by fluorine, phenyloxy which is unsubstituted or substituted by 
C,-C4allcyl or C,-C«alkoxy. or cydopentadienyi which is unsubstituted or 
substituted by C-Calkyl; 

(c) R n in formula XVIb is F. CI, Br, linear or branched C-Calkoxy which is 
unsubstituted or substituted by fluorine, phenyloxy which is unsubstituted or 
substituted by C,-C«alkyl or G,-C 4 alkoxy. or cydopentadienyi which is 
unsubstituted or substituted by C,-C 4 alkyl; 

<d) R«. R« and R n In formula XVlc independently of one another are R. CI. Br, 
linear or. in particular, branched C,-C 4 aIkoxy which is unsubstituted or substituted 
by fluorine, phenyloxy which is unsubstituted or substituted by C,-C 4 alkyl or 
C,-C 4 alkoxy, or cydopentadienyi which is unsubstituted or substituted by 
Ct-C^kyi: and 

(e) R„ and R„ in formula XVId independently of one another are F. CI. Br. linear 
or. in particular, branched C,-C 4 alkoxy which is unsubstituted or substituted by 
fluorine, phenyloxy which is unsubstituted or substituted by C,-C 4 alkyl or 
C,-C 4 a!koxy. or cydopentadienyi which is unsubstituted or substituted by 
C,-C«alkyl. The alkoxy is particularly preferably branched alkoxy. which is 
optionally partly or completely substituted by F. for example i-propyloxy. i- and t- 
butyloxy. hexafluoropopyloxy [sic] and nonafluoropropyloxy. The phenyloxy radical 
is. in particular, phenyloxy substituted in the 2.6-positions (sic) by C,-C 4 alkyl. for 
example 2.6-dimethylphenyloxy. Examples of substituted cydopentadienyi 
radicals are mono- to pentamethylcydopentadienyl and 
trimethylsilylcydopentadienyl. R« is preferably phenyl or phenyl which is 
substituted by C,-C,alkyl [sic], in particular phenyl. 3.5-dimethyh 2.Wimethyl-. 
3.5-diethyl- and 2.6-diethylphenyl. 

Especially preferred compounds in the process according to the invention are 
thos ofth formulae XVII, XVIIa. XVIIb. XVtlc and XVIId 



(Rw-N^Me.X.CHjSKCH,), (XVII). 
(R M -N=)R 71 M ,X.(OR M )CH 1 Si(CH 1 ), (XVIIa), 
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RnRTaMejX.tOR.jJCHjSKCHJ, (XVIIb). 
Ro-NsMejX^ORwJCHjSKCHjJj (XVIIc), " 

R 7 ,-TiX.(OR„)CH 2 Si(CH 3 ), (XVIld). 

in which 

Me, isMo(Vl)orW(V1); 
Me, isNb(V)orTa(V); 
X. is For CI; 

R« is phenyl or phenyl which is substituted by 1 or 2 C,-C«alkyl groups; 
Ra, is branched Cy or C^lkyl which is unsubstHuted or partly or completely 

substituted by fluorine, or phenyloxy or phenytoxy which is substituted by 

1 to 3 methyl or ethyl groups; 
R n and R» independently of one another are cyclopentadienyl which is 

unsubstituted by substituted by 1 to 5 methyl groups X.or RwO-; and 
R„ which is unsubstituted or substituted by 1 to 5 methyl groups, X. or 

RnO-. 
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Some examples of ttanium(IV). niobium(V). tantaIum(V). molybdenum(Vl ) and 

tungsten(VI) compounds are JCp is cydpenladienyl and Me is Nb(V) or Ta(V)|: 

TilCH.SitCH,)^ TilCHjSKCHjWBr* CpJilCHjSKCH,) JC1. 

(CH^jTilCHjSiiCH^a. CpjTilCHaSiCCHaWBr. CfcTilCHjSitCH^JI. 

CpTilCHaSKCrWJICHJCI. CpTilCH^KCHjMBr* KCH^CHOkTilCHjSKCH^JCI, 

((CFj^HOJaTilCHaSiCCrWjaKCF^CHOlCpTitCHjSKCHjWCI, 

KCH,) a CHOlC^TiICK a S«(CH 3 )JCI,(C^ 1 0)CpTilCHaSi(CH^CI. 

(2.6^imethyW^H»0)CpTi[CHaSi(CH^JCI. 

(2.Mimethyi-,H s O) 1 Ti(CH 2 Si(CH s y s lCI IsicJ. 

<2.Wimemy^ s O)TilC^ 

[(CFj^CryCOJCpTilW^^ 

CpjMettCHaSKCH^CI,, Met^l^C^lOCHCCFMtCHaSKCH^ja. 

TalCH a Si(CH 3 )^C^.Me(*N-2.6^isopropylC^t(CH a Si(CHJja a . 

Me^M-^MiisopropyK^^KCH^CHOlKCH^itCHjWCI. 

Me^rW^dimetWC^XZe-W^ 
Me(*N-2.WimethylC^H 3 K(CF J ) a CHOHCH J Si(CH^ja. 

(srW.WimettyC.H^CpM^^ 

(«N-3.54lmetrvlC^,^ 

CpMe(pCH(CHJMCH 1 Si(Cr«JBr,CpMe[CK:H(CH 3 )MCH a Si(CH^JCI. 
CpMelDCH(CF 3 ) a U(CH^(CH^CI,Cp^e(methyt)KCH a Si(CH J )JCI. 
Co a Me[OCH(CH,) a l[(CH,SKCH 3 )JCI.[OCH(CH,)J s MeICH a S 
Me(2.6-dimelhytphenyloxy)(CH,OW(CH J Si(CH J ) a ICI, 

MelCHaSiCCHJJlOCHtCHjJKCF^CI. W^N-CHJKOC^H^CH^KCH^JCI,. 
(2.6-diisopropylphenyloxy) a MelCH a Si(CHa) J lCI 2 . 

CfcMe|OC<CryjI<CH a S^ 

Mo a {(CH a ^i(CHJj)(OCH a C(CH 3 )3)Cll a . 

Mo(*N.2.WiisopropylC 8 H 1 ) a lCH r Si(CH J ) J lCI. 

W(=N-C 5 H 9 )[(OC{CH,)J : [CH J -Si(CH J )JCI.Mo(=N.C 8 H s ) 2 [CH l -Si(CH 3 ) i lCI. 
Mo(=N-2.6KJiisopropylCyH 5 )[{OCH J C(CH^l a [CH a -Si(CH J ) 3 lCI. 

Th titanium, niobium, tantalum, molybdenum and tungsten compounds to be 
used according to th invention are known or can be prepared by known and 
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metal haiides by means of Grignard reactions fSchrqck. R.R.. Murdzeck. J.S.. 
Bazan. G.C.. Robblns, J., DiMare, M.. O'Regan, M M J. Am. Chem. Soc. 
112:3875-3886(1990)]. 

4. Other suitable photactive one-component catalysts are niobium(V) or 
tantalum(V) compounds which have at least two methyl groups or two 
monosubstituted methyl groups bonded to the metal, the substituent containing no 
hydrogen atom in the a position. These compounds are also thermal catalysts. 

The niobium(V) and tantalum(V) compounds to be used according to the invention 
contain one metal atom. The methyl group or monosubstituted methyl group 
bonded to the metal is bonded at least twice, particularly preferably two to five 
times, and especially preferably twice or three times as a Hgand. This ligand 
preferably is that of the formula XI 

-CHa-R 

in which R has the meanings and preferred meanings given above. 

The other valencies of the niobium and tantalum atom are preferably satisfied by 
heat-stable neutral ligands. a very targe number of which are known. The number 
of neutral ligands may also exceed the stoichiometrically possible number 
(solvates). The definition of heat stability has been given above. 

The other valencies of the Nb(V) and Ta(V) atoms may be satisfied by identical or 
different neutral ligands, for example chosen from the group consisting of =0. 
=N-R44. secondary amines having 2 to 18 C atoms. R^O-. R45S-, halogen, 
unsubstituted or substituted cyclopentadienyl. bridged biscyclopentadi nyl. 
tridentate monoanionic ligands and neutral ligands. for example ethers, nitriles, 
CO and tertiary phosphines and amines, in which the R* 5 independently of on 
another are linear or branched C,-C,.alkyl which is unsubstituted or substituted by 
C,-C tt alkoxy or halogen. C»- or C s cycloalkyl which is unsubstituted or substituted 
k„ r> _r» r. -r. a itm*.j or haloaen. phenyl which is unsubstituted or substituted 
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by C,-C s alkyl. C,-C,alkoxy. C,-C,alkoxymethyl. C,-C»aikoxyethyl or halogen, or 
benzyl or phenylethyl which are unsubstituted or substituted by 
C^-Cjalkyl, C,-C,a!koxy, C,-C,alkoxymethyl, C,-C«-alkoxyethyl or halogen; and R« 
is linear or branched C,-C ta alkyl which is unsubstituted or substituted by 
C,-C«alkoxy, C r or C s cycloalkyl which is unsubstituted or substituted by 
C,-C 5 alkyl, C-C^alkoxy or halogen, phenyl which is unsubstituted or substituted by 
C,-C s alkyl. C,-C»alkoxy, C-Caalkoxymethyl, C,-C,alkoxyethyl, di(C,-C«-alkyl)- 
amino, di^-CjalkylJamino-Ct-Cjalkyl, or halogen, or benzyl or phenylethyl which 
are unsubstituted or substituted by C,-C«alkyl, C,-C«alkoxy, C.-Cjalkoxymethyl, Cr 
C,alkoxyethyl or halogen. 

The definitions and preferences of and R*. of secondary amines, of halogen 
as a further figand on the metal atoms or as substHuent, of cydopentadienyl, 
ethers, nitriles, tertiary amines and phosphines as neutral ligands and of tridentate 
monoanlontc ligands have been given previously. Likewise given previously were 
the definitions and preferences of aikyl, alkoxy or alkoxy as a substituent in 
alkoxymethyl or -ethyl. 

In a preferred embodiment the niobium and tantalum compounds are. in 
particular, those of the formula XVIII 



Mo Rm 



CXVIH). 



in which 

M isNb(V)orTa(V). 

at least two, preferably 2 or 3, of the radicals R« to R w are a radical -CH r R of th 
formula XI in which R has th meanings and preferred meanings given above; 
two of the other radicals of R« to R M together are =0 or -H-R^. and R44 is linear 
or branched C,-C,.a!kyl which is unsubstituted or substituted by C,-C s alkoxy. 
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CfCgalkoxy or halogen, phenyl which is unsubstituted or substituted by 
CrCsalkyl, C,-C»allcoxy, C,-C,alkoxymethyt. C.-Caalkoxyethyl, di(C,-C,-alkyl)- 
amino, dKC^-alkylJamino-C.-^alkyl or halogen, or benzyl or phenytethyl which 
are unsubstituted or substituted by C,-C,alkyl, C,-Ctalkoxy, C,-C«alkoxymethyl. C,- 
Ctalkoxyethyl. di(C,-C,-alkyl)amino. di(C 1 -C 8 alkyOamino-C,-C J alkyi or halogen; 
and/or 

the other radicals of R*j to R* independently of one another are secondary amino 
having 2 to 18 C atoms. R«sO-. R«S-. halogen, cydopentadienyl or bridged 
biscydopentadienyl or a neutral ligand, in which the Ru independently of one 
another are linear or branched C,-C ia alkyl which is unsubstituted or substituted by 
C,«C,alkoxy or halogen, Cr or C»cydoalkyl which is unsubstituted or substituted 
by C,-C»alkyl, C,-C«alkoxy or halogen, phenyl which is unsubstituted or substituted 
by C,-Calkyl. C,-<^alkoxy, C,-C«alkoxymethyl, C,<C«alkoxyethyl, di(C,- 
C 6 alkyl)amino, dKCt-C^alkyOamino-d-Cjalkyl or halogen, or benzyl or phenylethyl 
which are unsubstituted or substituted by C,-C«alkyl, C,-Ccalkoxy, 
C,-C 9 alkoxymethyl, C,-C^ilkoxyethyl, di(C,-C,alkyl)amir»o, di(C,-C,alkyl)amino-C,- 
Cjalkyl or halogen. 

In a particularly preferred embodiment the niobium and tantalum compounds of 
the formula XVIII used are those in which 

a) Ra> to Rm are each a radical of the formula XI -CHj-R. or 

b) Raa and R n are each a radical of the formula XI -CH r R. R M and R M together 
are the radical sN-R^, and R M is unsubstituted or substituted cydopentadienyl, 
R45-O- or halogen, or 

c) Ru, R*, and R* are each a radical of the formula XI -CH 2 -R, and R* and R M 
together are the radical sN-R*, or 

[lacuna] R n , R«. R«« and R n are a radical of the formula XI -CH,-R. and R M is 
unsubstituted or substituted cydopentadienyl, R44-O- or halogen, 
in which R, R«« and R« have th above meanings. For R. R44 and R« 4 , the above 
preferred meanings apply. 

Niobium and tantalum compounds which are especially preferably us d in th 
process according to the invention are those of the formulae I XX, IXXa or IXXb 
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CH,-R, 



(IXX). 




(IXXa). 



R,-H,C— Me 




(IXXb) 



in which 

MeisNb(V)orTa(V). 

R, is H. -C(CH,y,. -C(CH 3 ) r C m H^ -C^a or -Si(C 1 -C 4 alkyl) s , 

R„ is phenyl or phenyl which is substituted by 1 to 3 C,-C 4 alkyl or C,-C 4 alkoxy. 

R.4 in formula IXX is the group -CH.-R or F. CI. Br. linear or. in particular. 

branched C,-C 4 alkoxy which is unsubstituted or substituted by fluorine, phenyloxy 

which is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. or 

cyclopentadienyl which is unsubstituted or substituted by C,-C«alkyl; 

Rm. R« and in formula IXXa independently of one another are F. CI, Br. linear 

or. in particular, branched C,-C 4 alkoxy which is unsubstituted or substituted by 

fluorine, phenyloxy which is unsubstituted or substituted by C,-C 4 alkyl or 

C,-C«alk xy. rcyd pentadi nyl which is unsubstituted or substituted by 

C,-C 4 alkyl; and 

R n and R„ in formula IXXb ind pendently of one another are F. CI, Br. linear or, ii 
particular, branched C,-C 4 alkoxy which is unsubstituted or substituted by fluorin . 
phenyloxy which is unsubstituted or substituted by C,-C 4 alkyl or 
C,-C 4 alkoxy. or cyclopentadi nyl which is unsubstituted or substituted by 
C,-C 4 alkyl. The alkoxy is particularly preferably branched alkoxy. which is 
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unsubstituted or completely or partly substituted by F. for example i-propyloxy, 
I- and t-butyloxy, hexafluoropopytoxy (sic] or nonafluoroprbpyloxy. 

Some examples of nfoblum(V) and tantalum(V) compounds are [Cp is 
cyciopentadienyl and Me is Nb(V) or Ta(V)J: 

Me[CH,Si(CH 3 ) J l 5 . CP,Me{(CH J C(CH 5 ) a -C,H J )}3. Me(=N-2.6HdimethylC a H 3 )(CH J ) 3 , 

Me(=N-CJH 8 )[OC(CH J ) 3 ][(CH J Si(CH 3 ) J )I 1 , 

Me(=N-2,6KJiisopropylC l Hj)[(CH a -C,H s )l 3 . 

Me(*r^C i H 8 )IOCCH,(CFJJ[(CH 1 Si(CH^I,.CpMe[C)CCH,(CF^(CH 
Me(=N-2.6KJiisopropylC^[(CH,C(CH 3 ) r CeH 5 )La.Cp J Me(CH J ) J [OCH(CH J )J. 
Me(=N-2.6KJimemylC,HJ[(CH r C»H a )l 3 .CpMetOCH(CH 3 )JJ(CH I SI(CH J ) 3 )J 2 . 
CpjMeKCHrC^s)!,. Me[CH,Si(CHOJ»CI I . MelCHjSitCH^JjJOCHjCtCH,)^. 

CpaMel3.5^ewyKy^O)]{CH,Si(^ 

Cp,Me(CH^ Me(2,Wimethylphenyloxy) 2 (CH J )„ 

Me[CH a Si(CH 3 ) 3 l i IOCH(CH 3 )] J ,CpMelOC(CH^ 3 I 3 [(CH I ^ 9 H 9 )l J and 

CpjMeKCH^HCHjWJ,. 

The niobium and tantalum compounds to be used according to the invention are 
known or can be prepared by known and analogous processes starting from the 
optionally substituted metal halides via Grignard reactions and/or substitution 
reactions ISchrock, R.R., Murdzsck. J.S.. Bazan, G.C., Robbins, J.. DiMare, M., 
O'Regan. M.. J. Am. Chem. Sec, 112:3875-3888 (1990)). 

5. Other suitable photoactive one-component catalysts are titanium(IV) 
compounds which contain at least two methyl groups or two monosubstituted 
methyl groups bonded to the metal, the substituent containing no hydrogen atom 
in the a position. These compounds are also thermal catalysts. 

The titanium(IV) compounds to be used according to the invention contain on 
metal atom. Th methyl group or monosubstituted methyl group bonded t th 
metal is bonded at least twice, particularly preferably two to four times, and 
especially preferably twice or true times as a ligand. This ligand preferably is that 
of the formula XI 
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-CHfR (XI). 

in which R has the abovementioned meanings and preferred meanings. 

The other valencies of the titanium atom are preferably satisfied by heat-stable 
neutral Hgands, a large number of which are known. The number of neutral figands 
may also exceed the stoichiometrically possible number (solvates). Heat stability 
has been explained above. 

The other valencies of the titanium(IV) atoms may be satisfied by identical or 
different neutral Hgands, for example chosen from the group consisting of 
secondary amines having 2 to 18 C atoms. R^O-. R«S-. halogen, unsubstituted or 
substituted cyclopentadienyl, bridged biscydopentadienyl. tridentate monoanionic 
figands and neutral figands. for example ethers, nitrites. CO and tertiary 
phosphines and amines, in which the R* independently of one another are linear 
or branched C,-C 1( aikyl which is unsubstituted or substituted by 
C-C^ilkoxy or halogen. C»- or Ccydoalkyl which is unsubstituted or substituted 
by C,«C,alkyl. C,-C^lkoxy or halogen, phenyl which is unsubstituted or substituted 
by C-Csalkyl. C,-C,alkoxy. C-Calkoxymethyl. C,-C,alkoxyethyl or halogen, or 
benzyl or phenylethyl which are unsubstituted or substituted by 
C,-C»alkyl. C,-C*lkoxy, C-C^ikoxymethyl. C,-C,-alkoxyethyl or halogen. 

The definitions and preferences of R*. of secondary amines, of halogen as a 
further ligand on the metal atoms or as subsWuent. of cyclopentadienyl. ethers, 
nitrites, tertiary amines and phosphines as neutral ligands and of tridenate 
mon anionic ligands have been given previously. Likewise given previously were 
the definitions and preferences off alkyl. alkoxy or alk xy as a substituent in 
aikoxymethyl or -ethyl. 

In a preferred embodiment, th titanium(IV) compounds are. in particular, those of 
th formula XX 




at least two, preferably 2 or 3. of the radicals R„ to R«are a radical -CHj-R of the 
formula XI in which R has the abovementioned meanings and preferred meanings; 
and 

the other radicals R«, to R» are secondary amino having 2 to 18 C atoms, R^O-, 
R4sS-. halogen, cyclopentadienyl or bridged Mscydopentadienyl or a neutral 
ligand, in which the independently of one another are linear or branched 
C-CaalKyl which is unsubstituted or substituted by C,-C,alkoxy or halogen. C»- or 
C 8 cydoalkyl which is unsubstituted or substituted by C,-Calkyl, C,-C»alkoxy or 
halogen, phenyl which is unsubstituted or substituted by C,-C«a!kyl. C,-C*ilkoxy, 
C-Caalkoxymethyl. C,-C,alkoxyethyl. di(C,-C^llcyl)amlno. di(C,-C,alkvl)amino- 
C-Caalkyl or halogen, or benzyl or phenyletnyl which are unsubstituted or 
substituted by C,-C,alky1. C,-C,alkoxy. C-C.alkoxymethyl. C,-C,alkoxyethyl. di(C,- 
Calkyljamino. difCt-C^iIkyOamino-C-Csalkyl or halogen. 

In a particularly preferred embodiment. titanium(IV) compounds of the formula XX 
which are used in the process according to the invention are those in which 

a) Rv to Rm are a radical of the formula XI -CH r R. or 

b) R a7 and R* are a radical of the formula XI -CH r R, and R„ and R* 
independently of one another are unsubstituted or substituted cyclopentadienyl. 
R^-O- or halogen, or 

c) R.r. R* and R* are a radical of the formula XI -CH,-R. and I R* is unsubstituted 
or substituted cyclopentadienyl. R4S-O- or halogen, 

wher R and R* hav the above meanings. For R and R*. the above preferred 
meanings apply. 

Titanium(IV) compounds which are especially preferably used in the process 
according to th invention are thos of the formulae XXIa or XXIb 



,-T-Ti— R„ (XXIa). R..H,C— ji— R, 7 (XXIb). 



in which 

R, is H, -C(CW,. -C(CHJrC^ -C^ 9 or -SKC-C.alkyl),. and 
RgrandRw independently of one another are F. CI. Br. linear or. in particular, 
branched C,-C*alkoxy which is unsubstitutued or substituted by fluorine, 
phenyloxy which is unsubstituted or substituted by C-Calkyl or C^aikoxy. or 
cyclopentadienyl which is unsubstituted or substituted by C,-C 4 alkyl. The alkcxy is 
particularly preferably branched alkoxy. which is unsubstituted or partly or 
completely substituted by F, for example S-propyloxy. i- and t-butyloxy, hexafluoro- 
propyloxy and nonafluoropropytoxy. 

In a preferred embodiment of the invention, the titanum{IV) compounds contain a 
halogen atom, in particular a or Br, bonded to the titanium if the radical R in the 
group -CHj-R is -SiR,.rVW In this case, especially preferred comopunds are 
those of the formula XXII 

- « ' (XXII) 
R— Tl CH a -SJR 3i R - R* 

in which 

R^rdX'independently of one another are C-C^llcy«. C or Ccydoalky. 
or ph nyl or benzyl which are unsubstituted or substituted by C^alkyl or 
C,-C«alkoxy: and 

R^is the group -CH,-S«»R»rU f. C * «• ln >«*>*"■ fc . 

ura ub,«u»d or suteWuted by C,-C.a*yl or C-C^oxy. or cydop«ntadi«nyl 
„hich is unsutaBut d or substtMad by C-CalkyL R,. R» and R. a» prriorab!, 
C^alHyl. phony, or ban** and R„ k preterabi, CI. C- or C^yl which i» 
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unsubstituted or substituted by fluorine, or phenyl or benzyl which are 
unsubstituted or substituted by C,-C 4 alkyl or C,-C«alkoxy. 

Some examples of Utanium(IV) compounds are [Cp is cyctopentadienyl]: 
TilCHjSKCHJJ* TilOCHCCF^alaKCHaSKCHJJb. CpTi«CHACH,)rC t H 9 )] a CI, 
CpTiKCHrC^Hs)]* TiCyCH a Si(CH s Wl2. [OCHiCFJJTiKCHrCH,)!,. 
CpBrTil(CH a C(CH,),-C,^ 

TilOCH(CH,)aM(CH r C s r^l,.CITi[OCH(CH J ) I lKCH l Si(CH 3 ) J )Ji. 
CpTilOCNCFMtCH,-^^},. CpTi(methyl),. CpTi(methyl)j[OCH(CH,) J. 
TilCHaSKCHJJaBr,. TOB-dimethylphenyloxyWCH,),. CpaTUCH,)* 
TilCHaSKCHJsUCXJHfCHJI and Ti(2.Wiisopropylprienytoxy)»(CH,),. 

The Manium(IV) compounds to be used according to the invention are known or 
can be prepared by known and analogous processes starting from the metal 
halides via Grignard reactions or other known substitution reactions [see Clauss, 
K.. Bestian. H.. Justus Liebigs Ann. Chem. 654:8-19 (1962)1. 

6. Other suitable photocatalyticaiiy active compounds are ruthenium or osmium 
compounds which contain at least one phosphine group, at least one photolabile 
ligand and optionally neutral ligands bonded to the metal atom, 2 to 5 Uganda in 
total being bonded, and which contain add anions for charge balancing. In total it 
the context of the invention means the sum of the phosphine groups, photolabile 
ligands and neutral ligands. The neutral ligands are also called non-photolabile 
ligands. Preferably 2 to 4, and particularly preferably 2 or 3 Dgands are bonded ir 
total. 

These osmium compounds are also thermally active catalysts. The ruthenium 
compounds are thermal catalysts if the phosphine group contains no linear alkyl 
alkoxy groups, but bulky groups, for example secondary and tertiary alkyl or 
alkoxy groups (i-propyl. i- and t-butyl). or cycloalkyl groups, or phenyl groups or 
ph yloxy groups which are unsubstituted or substituted by 1 1 3 C,-C 4 alkyl or 
-alkoxy. 
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The phosphine group is preferably tertiary phosphines and phosphites having 3 to 
40. more preferably 3 to 30. and particularly preferably 3 to 24 C atoms. 

The other valencies of the ruthenium and osmium are preferably satisifed by heat- 
stable neutral ligands. every large number of which are known. The number of 
neutral ligands can also exceed the stoichiometrically possible number (solvates). 

The ruthenium and osmium compounds to be used according to the invention can 
contain a monophosphine bonded one to three times, and preferably two or three 
times, and a diphosphine bonded once to the metal atom. Preferably 1 to 2 
photolabile ligands are bonded in the ruthenium and osmium catalysts. The 
phosphine lean* preferably are those of the formulae XXIII and XXIIIa 

« « (XXIII) 
- (XXIIIa) 

in which R„. R« and R* independently of one another are H. C-Calkyl. 
C^alkoxy, C 4 -C,,c^oa.kyl or cycloalkoxy which are unsubstituted or 
substituted by C,-C,a»kyl. C,-Chaloa|kyl or C-Calkoxy or C a -C,.aryl or 
CVCarytoxy which are unsubstituted or substituted by C-Calkyl. C^haloalkyl 
orC.-C.alkoxy. or ***** or ^.aralkyloxy which are unsubstituted or 
substituted by C,-C.a.kyl. C,-C,ha.oalky. or C^lkoxy; the radicals R., and R« 
together are tetra- or pentamethy.ene or tetra- or centamethyienedioxyl which are 
unsubstituted or substituted by Chalky.. C^haloalkyl or C,C,a.ko*y. or tetra- 
or pentamethylene or tetra- or pentamethylenedioxyl which are unsubstituted or 
substituted by C,-Calky.. C^aloalky. or C,-C.alkoxy an.' fused wKh 1 or 2 
1 2-phenylene. or tetramethylenedioxyl which is unsubstituted or substituted by 
C-Calkyl. C-C.haloa.ky. or C,-C 4 a.koxy and is fused in the 1.2- and 3.4-posrt.ons 
with 1.2-phenylene. and R„ has th abovementioned meaning; and 
Z, is .in ar or branched C,-C„alky!ene which is unsubstituted or substituted by 
C,-C 4 alkoxy. 1.2- or 1,3-cydoalkylene having 4 to 8 C atoms. wh,ch ,s 
unsubstituted or substitut d by C-C.alky. or C,-C«alkosy. or 1 .2- or 
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1.3-heterocydoalkylene having 5 or 6 ring members and one heteroatom from the 
group consisting of O or N, which is unsubstituted or substituted by C,-C*alkyl or 
C,-C 4 alkoxy. - 

The radicals R»,. R« and R«, are preferably identical radicals. 

If R,,. Rtt and R« are substituted, the substituents are preferably C,-C,alkyl. 
C r C 4 haloalkyl or C t -C 4 alkoxy. Halogen is preferably CI. and particularly preferably 
F. Examples of preferred substituents are methyl, methoxy. ethyl, ethoxy and 
trifluoromethyl. R»„ R„ and R« are preferably substituted by 1 to 3 substituents. 

Alkyl R,i. Rn and Rn can be linear or branched and can preferably contain 1 to 
12. more preferably 1 to 8. and particularly preferably 1 to 6 C atoms. Examples of 
alkyl are methyl, ethyl. «- and propyl, n-. •- and t-butyl. the isomers of pentyl. 
hexyl. heptyl. octyl. nonyl. decyl. undecyl. dciecyl. tridecyl. tetradecyl. pentadecyl. 
hexadecyl. heptadecyl. octadecyl and eicosyl. Preferred examples are methyl, 
ethyl, n- and i-propyl. n-. I- and t-butyl. 1-. 2- or 3-pentyl and 1-, 2-. 3- or 4-hexyl. 

Alkoxy R,„ R« and R„ can be linear or branched and can preferably contain 1 to 
12. more preferably 1 to 8. and particularly preferably 1 to 6 C atoms. Examples of 
alkoxy are methoxy. ethoxy. n- and i-propyloxy. n-. I- and t-butyloxy. the isomers 
of pentyloxy. hexyloxy. heptyloxy. octyloxy. nonyloxy. decyloxy. undecyloxy. 
dodecyloxy. tridecyloxy. tetradecyloxy. pentadecyloxy. hexadecyloxy. 
heptadecyloxy. octadecyloxy and eicosyloxy. Preferred examples are methoxy. 
ethoxy. n- and l-propyloxy. n-. and t-butyloxy. 1-. 2- or 3-pentyloxy and 1-. 2-. 3- 
or 4-hexyloxy. 

Cydoalkyl R„. R„ and R* are pref rably C 9 ^.cycloalkyl. and particularly 
preferably C,- or C,cycloalkyl. S me examples are cyclobutyl. cycloheptyl. 
cyclooctyl and. in particular, cyclopentyl and cyclohexyl. Examples of substituted 
cydoalkyl are m thyK dimethyl-, trimethyl-. methoxy-. dimethoxy-. trimethoxy-. 
trifluoromethyl-. bistrifluoromethyl and tristrinuoromethylcyclopentyl and 
-cyclohexyl. 
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Cydealkyloxy R„ are preferably C^doaWoxy. and particularly 

preferably Cy or C.cydoalkyloxy. Some examples are cyclobutyloxy. 
cydoheptyloxy, cydooctytoxy and .In particular, cydopentyloxy and cydohexyloxy. 
Examples of substitued cydoalky! are methyh dimethyl-, trimethyl, methoxy.. - 
dimethoxy, trimethoxy, trHtucromethyh bistrifluoromethy. and tristrifluorc 
methylcydopentyloxy and -cydohexyloxy. 

Arvt R.,. R« and R« ptdtratfy CvCtiaryl md particularly preferably phenyl or 

rcphthyl. E-n**. of sub**** •» 

dimethoxy. trimethoxy, urn**™**-. bistnlluorernethyl »• 

trlslrifluorornomylphenyl. 

un^baKutedorsubs*^ 

„*»» are methyh dimethyl-, Wmethyk rnrthyfcepropyl, propyl-. dHsopropyl, 
Weoprowk feHtfyk methyl-fcrt-butyh dMert-butyh MM* 
dimethoxy. trimethoxy.. thftuccomethyh bi«nfluoromemyl and 
tristrifluoromethytprvenyloxy. 

Aramyl R*. Rn and R« are preferably C-C„ara*»l. the akylene group in the 
•** prefer^ bring rr-thylene. The arafcyl toprt** prefWabr, benzyl. 
Example* of substauted aralxyl are methyl, *»«*-. trimethyl, methoxy. 
dimethoxy. trimethoxy, trifluorometrryl, txsWkioromethyl and tnstn- 
fluoromethylbenzyl. 

AratMoxy R„. R„ and R„ ere prefer^ or ***** 

C^Kytoxy. me a^cyKm. group in the ara»<».o«y P«f *>„ bring methylene. 
The aralkyloxy h particular* preferably unaubatauted or subsumed benzytoxy. 
Examples of aubatKuted aralkyloxy are m«h»h dimethyl, trimethyK methoxy, 
amethoxy.trlmeth xy, tnfluoromethyt-. btatnUuoromethyl and 
tristrifluoromethylbenzyloxy. 
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Examples of tetra- and pentamethytene which are bonded to the P atom and 
unsubstituted or substituted or fused are 




Other suitable phosphines are cyctoaliphatics having 6 to 8 ring carbon atoms 
which are bridged with a =PRa group, for example 



€5 ■© 




and 




in which Ra is C r C.alkyl. cyclohexyl. benzyi. or phenyl which is unsubstituted or 
substitued by 1 or 2 C t -C«alKyl. 

Unear or branched alkylene 2, is preferably 1.2-alkylene or 1.3-alkytene having 
preferably 2 to 6 C atoms, for example ethylene. 1 ,2-propylene or 1 .2-butylene. 

Examples of cycloalkylene Z, are 1.2- and 1.3-cyclopentylene and 1.2- or 
1.3-cyctohexylene. Examples of heterocycloalkylene Z, are 1.2- and 
1. pyrrolidine. 1.2- and 1.3-piperidine. and 1.2- and 1 ,3-tetrahydrofuran. 

in a preferred embodiment, the phosphine ligands are those of the formula XXIII in 
which R,,. R„ and R» independently of one another are H, C,-C.alkyl. cyclopentyl 
or cyclohexyl which are unsubstituted or substituted by C,-C 4 alkyl. or phenyl which 
are unsubstituted or substituted by C,-C 4 alkyl. C,-C 4 alkoxy or trifluoromethyl. or 
benzyl which is unsubstituted or substituted by C,-C«alkyl. 
CrC,alkoxy or trifluoromethyl. Particularly pr ferred examples of phosphine 
ligands of the formula XXIII ar (CsH^P. (C.H 5 CH 2 ) 3 P. (C 5 H„) S P. (CH 3 ) 5 P. 
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(CH^. QtQHtP. WW. <C*U** (C,H 3 CH,),HP. <C 9 H„)aHP. 

(C^fcHP. (n-C^aHP. WH,),HP. (n-C^P. AHW- 
(n-C.rW. <WV»W* W„)HjP. fCHJW. (C^P. (C^H^. 
(n-C^P. WHdW PH„ (2-methyf-CeH^P. P-OWHJiP. (4-C a H r _ 
C.H 4 ),P. <4-CMW>P. (2.4^^0^. f2*«trC**P. <WHr 
C«H 4 ),P. &V«*CMJP. (*«WSWP. (*WHrC**P. (4-n-CH r 
C,H 4 ),P. (2+CHrC^^P. (3+CH,^P. <4^ 3 HrC.H 4 ) 3 P. (*WHr 
CH^P. (S-ivC.rWU.P. (4hvC^VC^ S P. (WWHAP. <3+C*r 
C.H,),P. (4+gVCMP. (WCWW- iWHr 
C,H 4 feP, O^r^HrWAP. «*W44VVC**P. <3*H 3 -6-t-C 4 rV 
CHJjP. ft*M4HrGJUP. <Z3-*WHrC**P. ^ CG*W»>. 
(CsH,)P. (CaHftlaHP and tf^-di-t-C^-CiHjJiP. 

In another preferred embodiment, the phosphine figands correspond to the 
formula XXIII in which R,,. R« and ^independently of one another are H, 
C-CalRoxy. cydopentyloxy or cydchexyloxy which is unsubstituted or substituted 
by C^alkyl. phenyloxy or phenyl which is unsubstHuted or substituted by 
C,-C 4 a«lcyl. C,-C 4 alk«xy or triftuoromethyl. or benzytoxy which is unsubstHuted or 
substituted by C,-C 4 alkyl. C,-C 4 alkyl. C,-C 4 alkoxy or trifluoromethyl. 

Examples of phosphites are (OtffcP. (WHrOfcP. WW. 

(n-C 4 H.O) 3 P. (WW. WH.OhP. CKH^WHrWW '• * 
OWW. (4WW>)3P. (2.^i-CH,WO),P. <2.6-d. 

OWW. WWW. CWWWfcP. iWHrCeHA* (2-n- 
^rVC.H 4 0) 3 P. (3^C 3 H r C,H 4 0) 3 P. (4-n^ J H r C 4 H 4 0) J P. 
(2-i-C 3 rVC.H 4 0) 3 P. <4-i-C 3 H r C.H 4 0) 3 P. 
(2-n-C 4 H,-C,H 4 0) 3 P. (3-n-C 4 rVC.H 4 0) 3 P. (4.n-C 4 H,-C,H 4 0) a P. 

(*WV<VWhP. (4-i-C 4 H,-C 4 H 4 0) 3 P. 
(2.CH,*t-C 4 H,.C.H s O) 3 P, (2.3^-0^,0)3?, «M<MC/VC*W. 
WWW. (2.4-di-t-C 4 H,-C 5 H 3 0)3P. 
(4WVW>>* (2-t-C 4 H,-C,H 4 0^ and phosphites of the formula 
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in which Ra is C-CaHcyl. cydohexyl. benzyl, or phenyl which is unsubstituted or 
substituted by 1 or 2 C,-C 4 alkyL 

Particularly preferred phosphines are tri-i-propylphosphine. tri-t-butylphosphine, 
tricydopentylphosphine and tricydohexylphosphine. 

Organic or inorganic compounds, atoms or ions which are coordinated to a metal 
centre are designated as ligands for the ruthenium and osmium compounds to be 
used according to the invention. 

The meanings and preferred meanings of photolabile ligands and non-photolabile 
ligands (also called highly coordinating ligands) have been mentioned above. 

in a preferred embodiment, the Ru and Os catalysts to be used according to the 
invention contain only photolabile ligands. phosphine groups and anions for 
charge balancing. The catalysts which are especially preferred are those wh,ch 
contain an arene group as a photolabile ligand. a tertiary phosphine group, and 
mono- or divalent anions for charge balancing. 

Suitable anions of inorganic or organic acids are. for example, hydride (H ). halide 
(for example P. CT. Br and I ). the anion of an oxygen acid, and BF/. PF. . SbF. 
or AsF.'. It should be mentioned that the abovementioned cyclopentadienyl .s a 

ligand and anion. 

Che, suitable anions are C.-C,,-. preferably C-C., and par.icu.arl, preferably C, 
Chelates, which, in particular, are branched, for exampte corresponds to 
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the formula R,R^,C-0* . in which R. is H or CAM* R, Is C^ky. and R, is 
C^ 0 alky.orpheny».andthesumoftheCatomsofR..R v a 

are ,in particular, i-propyloxy and t-butyloxy. 

Other suitable anions are C-C,.-. prsferably C s -C,<. and particularly preferably 
C^,^cetyr,des. which can correspond to the formula R»-C«C\ in which R* «s 
C-C^lkyl. preferably a-branched C-Calkyl. for example of the formula 
R.R, Rl C-, or are [sic] phenyl or benzyl which are unsubstituted or substituted by 1 
to 3 C,-C<alkyl or C,-C 4 alkoxy. Some examples are i-propyl, W and t-butyl, 
phenyl-. benzyh 2-methyl, 2.frdlmethyK 2-i-propyh 2-i-propyl^methyl-. 2-t- 
butyl-. 2,6^i-t-butyl. and 2-methyl^-t-butylphenylacetylide. 

The meanings and preferred meanings of anions of oxygen acids have been 
mentioned above. 

H. F, Cr. Br. BF 4 \ PF.-. SbF.'. AsF». CF^O,". WC* ^methyl-C^-SO, . 
2.WimethyW:.H 1 ^0 J *. 2.4.6-trimethylAH»-SO,- and 
4.CF,-C.H,.SO,- and cyclopentadienyl (Cp ) are particularly preferred. 

The number of the non^hotolabile ligands depends on the number of the 
phosphine groups, the size of the rwn-photolabile ligands and the number of 
photolabile ligands. 

,n a preferred embodiment the ruthenium and osmium compounds are particularly 
preferably those of one of the formulae XXIV to XXIVf 

(XXIW 

R^Me^r)^ 

(XXlVa). 
(XXIVb). 
(XXlVc). 
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R^ULtoMe 2 ^^ (XXIVf). 

in which 

R, 7 is a tertiary phosphine of the formula XXIII or XXIIIa; 

MeisRuorOs; 

n is the numbers 1. 2 or 3; 

Z is the anion of an inorganic or organic acid; 

(a) U is an arene or heteroarene ligand; 

(b) U is a monovalent photolabile ligand which is different to W and 

(c) L, 0 is a monovalent non-photolabile ligand. 

For R,,. L. U and U the preferred meanings mentioned above for the individual 
meanings apply. 

In the formulae XXIV to XXIVf, n is preferably 1 or 2. and especially 
preferred meanings mentioned for the phosphine figands of the formula XXII. 
apply, and these are. in particular, tertiary phosphines. 

Ruthenium and osmium compounds which are espeda.iy 

process according to the invenUon are those of one of the formulae XXV to XXVf 



(R«R«R».P)UMe 2 *(Z , )a 

(R w R9 5 R9.P)UL,oMe ,, (Z , ) a 
(R M R«R96p)3UMe 2 -(Z , ) J 



(XXV). 
(XXVa). 
(XXVb). 
(XXVc), 
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(R«R«R«iP)U(U)JMIe l -(2'), 0«W0. 

in which 
MeisRuorOs; 

Z in formulae XXV to XXVe is H". cyctopentadienyl. Cr Br. BF/. PF.-. SWV. AsF. . 
CF,SO a -. CH,-S03-. 4-methyW^VSO,-. 3.Wimethyl-C,H 5 -SO,'. 
2,4.6.trimethy^-S03- and and in formula XXVf is H. 

cyctopentadienyl. BF/. PF.'. SbF.'. AsF«\ CF 3 SOj", C*^*******. 
2,WimethyW:^s-S0,-. 2.4.6-trimethyl^Hs-SO,- or ^F^H^SO,: 

R„ and R* independently of one another are C-Ca.kyl. or cyclopentyl or 
cydohexyl orcydopentytoxy or cyclohexyloxy which are unsubstituted or 
substituted by 1 to 3 C,-C 4 a.kyl. or phenyl or benzyl or phenyloxy or benzyloxy 
which are unsubstituted or substituted by 1 to 3 C,-C 4 alkyl; 
L. is C-Carene or C^teroarene which are unsubstituted or substituted by 1 
to 3 C,-C 4 allcyl. C-G^Huxy. -OH. -F or CI; 
U is C,-Calkyl-CN. benzonitrile or benzylnitrile; and 
L, 0 is H a O or C,-C,alkanol. 

Preferred arenes and heteroarenes are benzene, toluene, xylene, 
trimethylbenzene. naphthalene, biphenyl. anthracene, acenaphthene. fluorene. 
phenanthrene. pyrene. chrysene. fluoranthrene. furan. thiophene. pyrrote. 
pyridine, r-pyran. y-thiopyran. pyrimidine. pyrazine. indole, coumarone. 
thionaphthen . carbazole. dibenzofuran. dibenzothiopbene. pyrazole. im,dazo.e. 
^imidazole, xazole. thiazole. isoxazole. isothiazole. choline. 
acridine. chromene. phenazine. phenoxazine. phenothiazine. triage. tNanthr ne 
and purin. More pr ferred arenes and heteroarenes are benzene, naphtha en . 
cumene. thiophene and benzothiophene. The aren is especially preferably 
benzene or a benzene substituted by C,-C,a.kyl, for example toluene, xylene. 
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isopropylbenzene. tert-butylbenzene or cumene. and the heteroarene is preferably 
thiophene. 

If the preparation of the ruthenium and osmium catalysts is carried out in solvents 
which can coordinate to a metal atom, for example alkanols. solvated Ru/Os 
cation complexes can form, and these are also included in the context of the use 
of according to the invention. 

Some examples of ruthenium and osmium compounds to be used according to 
the invention are [Tos is tosylate): ({^HPRutp-cumenelCI* <CH„) s PRu(p- 
cumene)CI 2 . (CHnhPRutp-cumensKTos),. (CHn^PRutp-cumeneJBra, 
(C 6 H„) 3 PRu(p<umene)CIF. <C^„),PRu<C.H.)(Tos>,. (C 6 H n )jPRu(CHj- 
CeH^CTos),, (C^„),PRu(l^HrC.H 5 )CTos) J . (C^.^R^chryseneXTos),. 
(C,H„) 9 PRu(biphenyl)(To8^(C»H„y^Ru(anthracene)CTos) a . 
(C.H t ,)^u(C„H.)(Tos) a . (M^^Rud^meneJC.,, (C^PRuCp^umeneJCI,, 
(n-C^PRutp^umeneJC!,. [(C^.^RutCH^NKTos),. <C.H„),PRu(CH 9 - 
CNM^H^OHJfTos),. (C 6 H„),PRu(P<urnene)(CH,-CN) a (PFJ 2 . (C.H M ),PRu(p- 
cumene)(CH^N) 2 fTos),. (n-C^PRutP-cumenejm-CN^Cros),. 
(WO^C^CN)^. (C^nJaPRuCCHrCN)^. <C,rU,PRu(p- 
cumeneXC^OHXBF,),. (CH.^PRudxumeneXC^^BF^. (C^„) 3 PRu(p- 
cumeneK^OHWPFA. (CHn^C.H.XCH^CTos),. WWW 
cumeneX*. (HCH^OsCp^umeneJCI,. (CH^PO^p-cumeneJCI, (C^POstp- 
cumene)Cl a . [(C^PURutp-cumeneJCI, and RuCWp- 
cumeneJKCeHM^PCHjCHjPiCeHnB 

The ruthenium and osmium compounds to be used according to the invention are 
known or can be prepared by known and analogous processes starting from the 
metal halides (for exampl MeX, or [MeareneXJ, and reaction with P hosph,nes 
and ligand-forming agents. 

7 Further su.table one-component catalysts are divaiently cationic ruthenium or 
osmium compounds with a metal atom to which 1 to 3 tertiary phosphine ..gands 
with in the case of ruthenium compounds, stericaliy bulky substituents. if des.red. 
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non-photolabile neutral ligands and anions are bonded tor charge balancing, with 
the proviso that in ruthenium(trisphenylphosphine)dihalides or -hydride-halides the 
phenyl groups are substituted by C,-C*alkyl. C.-C^aloaDcyl or C-Calkoxy. 

The ruthenium and osmium compounds preferably contain 2 or 3 tertiary 
phosphine groups. Phosphme groups in the context of the invention are 
understood as meaning tertiary phophines and phosphites. The number of 
additional non-photolabile neutral ligands depends on the one hand on the number 
of phosphine and phosphite ligands. and on the other hand on the valency of the 
neutral ligands. Monovalent or divalent neutral ligands are preferred. 

In a preferred embodiment, the divalently cationic ruthenium and osmium 
compounds to be used according to the invention contain 3 phosphine or 
phosphite groups and two monovalent anions for charge balancing; or 3 
phosphine or phosphite groups, two monovalent or one divalent non-photolabile 
neutral ligand. and two monovalent anions for charge balancing: or 2 phosph.ne or 
phosphite groups, one monoanionic. additionally monovalent non-photolabile 
neutral ligands and one monovalent anion for charge balancing. 

The meanings and preferred meanings of non-photolabile ligands (also called 
highly coordinating ligands) have been mentioned above. 

Ste,'cally bulky substituents in the context of the invention are understood as 
meaning those which shield the ruthenium and osmium atoms sterically. It has 
thus been found, surprisingly, that linear alkyl groups as substtuents in the 
phosphine and phosphite ligands result in ruthenium compounds without any 
thermal activity for the metathesis polymerization of strained cycloolefins. It has 
also been observed that in th case of osmium compounds, surprisingly. I.near 
alkyl groups as substituents in the phosphin and phosphite ligands have an 
excellent thermocatalytic activity for th metathesis polymerization of stra.ned 
cycloolefins; however, phosphine and phosphite ligands with sterically bu.ky 
substituents are also preferably used for the osmium compounds. It has 
furthermore been found that the steric shielding of triphenylphosphine ligands ,n 
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ruthenium dihafides and ruthenium hydride-halides is inadequate, and such 
catalysts have only a moderate catalytic activity for the metathesis polymerization 
of strained cydoolefins. The catalytic activity can suprisingly be increased 
considerably if the tertiary phosphine groups contain phenyl substituted by alkyl or 
alkoxy groups. 

The meanings and preferred meanings of phosphine ligands have been 
mentioned above. Alkyl R,,. R« and R„ are particularly preferably a-branched 
alkyl. for example of the formula -CRJW in which R„ is H or C,-C 12 alkyl. Re is 
C,-C, 2 alkyt. and R, is C,-C ia alkyl or phenyl which fe unsubstituted or substituted by 
C,-C 4 alkyl or C,-C.alkoxy. and the sum of the C atoms in the radical -CR^R* is 3 
to 18. Examples of alkyl are i-propyl. i- and t-butyl, 1-methyt- or 1.1-dimethylprop- 
1-yl. 1-methyl-or 1J-dimethylbut-1-yl. 1-methyl-or 1.1-dimethylpent-1-yl. 1- 
methyl- or 1.1-dimethylhex-l-yl. 1-methyl- or 1,1-dimethylhept1-1yl Isic], 1-methyl- 
or 1.1-dimethyloct-1-yl. 1-methyl-or 1.1 -dimethylnon-1-yl. 1-methyl-or 
1,1-dimethyldec-l-yl. 1-methyl- or 1.1-dimethylundec-1-yl. 1-methyl- or 
1.1-dimethyldodec-1-yl. 1-methyl-or 1.1 -dimethyltridec-1-yl. 1-methyl-or 
1.1-dimethyltetradec-l-yl. 1-methyl-or 1.1-d!methylpentadec-1-yl. 1-methyl-or 
1,1-dimethylhexadec-1-yl. 1-methylheptadec-1-yl. phenyl-dimethyl-methyl. 
Preferred examples are i-propyl. i- and t-butyl. 

In the case of the osmium compounds used. R,,. R* and R*can also be linear 
alkyl having 1 to 18. preferably 1 to 12. more preferably 1 to 8. and particularly 
preferably 1 to 8 C atoms, for example methyl, ethyl, n-propyl. n-butyl. n-pentyl. 
n-hexyl. n-heptyl and n-octyl. 

Alkoxy R„. R„ and R„ can contain 3 to 12. more preferably 3 to 8. and 
particularly preferably 3 to 6 C atoms. Th alkoxy is particularly preferably 
a-branched alkoxy. for xample of the formula -OCR^R,. in which R. is H or 
C,-C„alkyl. K is C,-C 12 a.ky.. and R 0 is C,-C„alkyl or phenyl which is unsubstituted 
or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. and the sum of the C atoms ,n the 
radical -CR b R<R, is 3 to 18. Examples of alkoxy are i-propyloxy, i- and t-butyloxy. 
1-methyl-or 1.1-dimethy.proo-l-oxyl, 1-methyl-or 1.1 -dimethylbuM-oxyl. 1- 
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methyl- or 1.1-dimemylpent-1-oxyl. 1-methyl- or l,l«limethylhex.1-oxyl. 1-methyl- 
or 1,1-dimethylhept-1-oxyl. 1-methyl- or 1.1-dimethylocM-oxyl. T-methyl- or 1.1- 
dimethylnon-1-oxyl. 1-methyl- or 1.1rdimelhyldec-lK)xyl. i-methyt-orl.1- 
dimethylundec-1-oxyl. 1-methyl- or 1.1-dimethyldodec-* <,xy|. 1 .methyl- or 1 . t- 
dimethyltridec-l-oxyl, 1-methyl- or Limimethyltetradec-l-oxyl. 1-methyl- or 1,1- 
dimethylpentadec-1-oxyl. 1-methyt- or 1.1-dimethylhexadec-l-oxyl. 1- 
methylheptadec-1-oxyl. phenyKfimethyl-methyl. Preferred examples are 
i-propyloxy. i- and t-butyloxy. 

In the case of the osmium compounds used. R„. R„ and R w can also be linear 
alkoxy having 1 to 18. preferably 1 to 12. more preferably 1 to 3. and particularly 
preferably 1 to 6 C atoms, for example methoxy. ethoxy. n-propyloxy. n-butyloxy. 
n-pentyloxy. n-hexyloxy. n-heptyloxy and n-octyloxy. 

Cycloalkyl R w . R« and R« are preferably C s -C.cydoalkyl. and particularly 
preferably C 4 - or C.cydoalkyl. Some examples are cydobutyl. cydoheptyl. 
cyclooctyl and in particular, cyclopentyl and cyclohexyl. which are preferably 
unsubstituted or substituted by 1 to 3 alkyl. haloalkyl or alkoxy groups. 

Cycloalkyloxy R,,. R« and R„ are preferably C-C,cydoalkyloxy. and particularly 
preferably C»- or Ccycloalkyloxy. Some examples are cyclobutyloxy. 
cydoheptyloxy. cyclooctyloxy and. in particular, cyclopentyloxy and cyclohexyloxy. 
which are preferably unsubstituted or substituted by 1 to 3 alkyl. haloalkyl or 
alkoxy groups. 

in a preferred embodiment, the phosphine ligards are those of the formula XXIII in 
which R,,. R„ and R» ind pendently of one another are a-branched C-Calkyl. 
cydopentyl or cyclohexyl which are unsubstitut d or substituted by C,-C 4 a!kyl. or 
phenyl which is unsubstituted or substituted by C,-C 4 alkyl. C,-C 4 alkyl (sic] 
C,.C 4 alkoxy or trifluoromethyl. Particularly pref rred examples of phosphin 
ligands of the formula XXIII ar (C 4 H 5 ),P. (C 4 H,),P. CAH„M». O-C^P. 
(i.C.H^P. (t-C 4 H,),P. [C^-CHtCrW. (CA^CH^P. 
(2-methylphenyl) J P. (2.3-d : methylphenyl) 3 P. (2.4-dimethylphenyl) 3 P. 
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(2.6Klimethylphenyl) 1 P, (2-methyM-l-propylphenyl)jP. 
(2-methyl-3-i^pylphenyl),P. (2-methy^5+propylpheny») J P. 
(2,44M-btJtylpnenyl)$P. (2-methyW+propylphenyOiP, 
(2-methyl-3-t-butylphenyl),P. frWi-t-butylphenyOjP, 
(2-methyM-t-butylphenyl)^. (2-memyl-54*utylphenyl),P. 
(Z3-^t-butylphenyl)»P and frS^t-biitylphenyrkP. 

In another preferred embodiment, the phosphite ligands are those of the formula 
XXIII in which R,,. R« and R„ independently of one another are o-branched 
C-Calkoxy, or cydopentyloxy or cyclchexytoxy which are unsubstituted or 
substituted by C,-C 4 alkyl; or phenyloxy which is unsubstituted or substituted by C,- 
C*alkyl. C,-C 4 alkoxy or trifluoromethyl. Examples of phosphites have been 
mentioned above. 

Examples and preferred meanings of suitable anions have been mentioned above. 

In a preferred embodiment, the ruthenium and osmium compounds are particularly 
preferably those of the formulae XXVI. XXVIa. XXVIb. XXVIc or XXVId 

Me*(UMl«)<Y>->2 (XXV,) ' 
Mt*(L„MY.1j (XXVfa) ' 

Me^L.OaL,,^,) (XXV,b) * 
»„ 2./. * i /v \ (XXVIc), 

n 2.. /• \ /v -\ (XXVId). 
Me 2 L 1l (L 12 )s(Ti h 



in which 
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MeisRuorOs; 

Y, is the anion of a monobasic acid; 

L„ is a phosphine of the formula XXIII orXXIIIa; 

L„ is a neutral ligand; 

L„ is cyclopentadienyl which 1$ unsubstituted or substituted by C,-C*alkyl; and 
L u isCO. 

For the individual meanings of L„. L„. U and Y„ the above preferred meanings 
apply. 

In a particularly preferred embodiment, in formula XXVI L„ is a C,-C 4 alkanol. in 
formula XXVlb, Y, is CI or Br. in formula XXVIc Y, is H. and in the formulae XXVI 
to XXVIc L„ is tri+propylphosphine. tricyclohexylphosphine, triphenylphosphine or 
triphenylphosphine which is substituted by 1 to 3 C,-C«alkyl in the phenyl groups. 

Some examples of ruthenium and osmium compounds to be used according to 
the invention are KCHn^fcRutCHjOHJafTos),. [(CA.fcPlaRuCI, and 
KCeHi^PlsMCHjOH^. 

The ruthenium and osmium compounds to be used according to the invention are 
known or can be prepared by known and analogous processes starting from the 
metal halides (for example MeX 3 . tMetdiolefinJXJ, or [Me-areneXJ, and reaction 
with phosphines and ligand-forming agents. 

The compositions according to the invention are surprisingly stable to storage and 
can be marketed as such. However, it is also possible to mix the individual 
components together before processing. If air- and/or moisture-sensitive catalysts 
are used, storage with exclusion of air and mo.sture is advisable. Since the novel 
crosslink^ principle is n t based on a free radical, anionic or cationic reaction, 
practically no interruption or slowing of the reaction is observed on carrying out th 
polymerization in air. which offers considerable advantages during processing, for 
sample no extensiv protectiv pr cautions. The possibility of using solvent-free 
=_ t ™ivm*« of low molecular weight or in the case of 
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solutions with reactive strained cydoolefins which are capable of metathesis 
polymerization as comonomers is a great surprising advantage. 

The invention also relates to a process lor the preparation of crossBnked polymers 
by metathesis polymerization, wherein a composition of 

(a) a catalytic amount of a one-component catalyst for metathesis polymerization 
and 

(b) at least one polymer with strained cydoalkenylene radicals bonded in the 
polymer backbone, alone or mixed with strained cydoolefins, 

(c) is polymerized by heating. 

(d) is polymerized by irradiation. 

(e) is polymerized by heating and irradiation. 

(0 the one-component catalyst is activated by brief heating and the polymerization 
is brought to completion by irradiation, or 

(g) the one-component catalyst is activated by brief irradiation and the 
polymerization is brought to completion by heating. 

Heating can mean a temperature of 50 to 300«C. preferably 60 to 250"C. 
particularly preferabl. ,0 to 200*C. and especially preferably 60 to 150'C. The 
polymerization times essentially depend on the catalyst activity, and the times can 
extend from several seconds to minutes and hours. 

In the process according to the invention, it is not necessary to maintain the 
irradiation of the reaction mixture over the entire duration of the reaction. Once the 
polymerization has been initiated photochemically. the subsequent course of the 
reaction takes place independently, even in the dark. Irradiation is advantageously 
carried out with light of a wavelength in the range from 50 nm to 1000 nm. 
preferably in the rang from 200 nmt 500 nm and especially pr ferably in th UV 
range. The irradiation time depends on the nature of the light source. Suitable 
sources of irradiation are. for exampl . the sun. sources of laser radiation, X-ray 
radiation and. in particular, sources of UV radiation. UV lasers or UV lamps are 
preferably employ d according to the invention. The irradiation of the catalyst can 
be carried out both before, during and after the addition of the monomer. 
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Suitable irradiation times are from one second to several hours, in particular 
minutes to hours. The sequence of the addition of monomers and catalysts is not 
critical. The monomer can be both initially introduced into the reaction vessel and 
added after introduction of the catalyst Likewise, the catalyst can be pre-irradiated 
and then added ~ the monomer. It is furthermore also possible to irradiate the 
solution comprising catalyst and monomer. 

In the case of irradiation using photoactive catalysts, the process according to the 
invention is preferably carried out at room temperature to slightly elevated 
temperature. An increase in temperature in this case essentially serves to 
increase the rate of reaction. At the temperatures chosen to accelerate the 
reaction, a photopolymerization therefore also chiefly takes place. However, it 
should be mentioned that the catalysts can be converted into thermoactive 
catalysts by adequate irradiation or elevated temperature. It is furthermore to be 
noted that some catalysts are capable of initiating the metathesis polymerization 
both thermally and [lacuna] irradiation. 

In particular, the process according to the invention is carried out with irradiation 
preferably at temperatures of -20 to +110X, particularly preferably 20 to 80'C. 

The irradiation time essentially depends on the desired reaction procedure. Brief 
irradiation is chosen, for example, if the polymerization is only to be in.tiated by 
irradiation and is to be brought to completion by heating. This can mean an 
irradiation time of up to 60 seconds, preferably 5 to 60 seconds, and particularly 
preferably 10 to 40 seconds. A longer irradiation time is chosen, for example, if the 
polymerization is to be carried out chiefly with irradiation and the final 
polymerization is to be brought to completion only by after-heating. 

A quite particular and surprising advantage of the process according to the 
invention is that on component catalysts used act as thermal catalysts aft rthe 
irradiation. This results in th possibility of continuing the polymerization and 

„ ■ •* „ ^ <r#n>* - e*-*v* ^"?^-?^np time vyhich 
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offers economic and industrial advantages in various areas of production of 
shaped articles or coatings. .. . 

The present invention jo relates to crosslinked metathesis polymers of a 
polymer with strained cydoalkenytene radicals bonded in the polymer backbone, 
alone or as a mixture with strained cydoolefins. 

The present invention also relates to metathesis polymers; crosslinked using a 
one-component catalyst, from a composition comprising 

(a) a catalytic amount of a one-component catalyst for the metathesis 
polymerization and 

(b) at least one polymer with strained cydoalkenytene radicals bonded in the 
polymer backbone, alone or as a mixture with strained cydoolefins. 

Materials for production of shaped artides by machining, or shaped artides of all 
types directly, as well as coatings and relief images can be produced with the 
process according to the invention. The invention also relates to shaped artides of 
crosslinked metathesis polymers of the composition according to the invention. 

The polymers according to the invention can have very different properties, 
depending on the monomer used. Some are distinguished by a very high 
permeability to oxygen, low dieledric constants, good heat stability and low 
absorption of water. Others have outstanding optical properties, for example high 
transparency and low refractive indices. Furthermore, the low shrinkage is to be 
singled out in particular. They can therefore be used in very different industrial 
fields. 

As layers on th surfaces of carrier materials, the compositions according to the 
invention are distinguished by a high adhesiv strength. The coated materials ar 
furthermore distinguished by a high surface smoothness and gloss. Among th 
good mechanical properti s. the low shrinkage and the high impact str ngth are to 
be singled out in particular, and also the heat stability. The ease of removal from 
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the moulds during processing In moulds and the high resistance to solvents are 
furthermore to be mentioned. 

These polymers are suitable for the production of medical equipment, implants or 
contact lenses; for the production of electronic components; as binders for 
coatings; as photocurable compositions for model construction or as adhesives for 
gluing substrates of low surface energy (for example Teflon, polyethylene and 
polypropylene, silicone rubber), and as photopolymerizable compositions in 
stereolithography. The compositions according to the invention can also be used 
for the production of coatings by photopolymerization. it being possible for on the 
one hand dear (transparent) and even pigmented compositions to be used. Both 
white and coloured pigments can be used. 

The photocurable compositions according to the invention are particularly suitable 
for the production of protective coatings and relief images. The invention also 
relates to a variant of the process according to the invention for the production of 
coated materials or relief images on carrier materials, in which a composition 
according to the invention and. if desired, a solvent are applied as a layer to a 
carrier, for example by dipping, brushing, pouring, rolling, knife-coating orwhirter 
coating processes, the solvent is removed, if desired, and the layer is irradiated or 
heated for polymerization, or the layer is irradiated through a photomask and the 
non-irradiated portions are then removed with a solvent This can then also be 
followed by heat treatment Using this process, surfaces of substrates can be 
modified or protected, or. for example, printed circuits, printing plates or printing 
rolls can be produced. In the production of printed circuits, the compositions 
according to the invention can also be employed as solder resists. Other possible 
uses are the production of screen printing masks and the use as radiation-curable 
printing inks for offset, screen and flexographic printing. Because of the high 
adhesion and the low absorption of water, the protective coatings on carrier 
materials are especially suitable for corrosion protection. 

The present invention furthermore relates to a coated carrier material, wherein a 
i aw r of a composition according to the invention is applied to a substrate. 
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The present invention also relates to a coated substrate with a cured layer of a 
composition according to the invention, the exceptionally high adhesive strength 
of the layers, even on metal surfaces, is to be singled out in particular, even when 
the products are pure hydrocarbon polymers. 

Suitable substrates (carrier materials) are. for example, those of glass, minerals, 
ceramics, plastics, wood, semimetals. metals, metal oxides and metal nitrides. 
The layer thicknesses essentially depend on the desired use, and can be. for 
example. 0.1 to 1000 urn. preferably 0.5 to 500 urn. particularly preferably 1 to 
100 um. The coated materials are distinguished by a high adhesive strength and 
good thermal and mechanical properties. 

The coated materials according to the invention can be prepared by known 
methods, for example brushing, knife-coating or casting processes, such as 
curtain pouring or spin coating. 

The compositions according to the invention can also bo used as adhesives which 
cure by means of heat or by means of radiation, for firmly bonding the most 
diverse materials, it being possible for outstanding peel strengths to be achieved. 

In addition to the high adhesive strengths, the outstanding processability. the good 
surface properties (smoothness, gloss), the high crosslinking density and the 
resistance to solvents and other liquids, the polymers according to the invention 
are also distinguished in particular by very good physicc-mechanical properties, 
for example high heat resistance, breaking and flexural strength and impact 
strength, and outstanding electrical properties, for example low surface tensions 
and charges (very low € and tan 8 values). The high permeability to xygen and 
the low absorption of water are furthermore to be mentioned. Polymers built up 
only from carbon and hydrog n are particularly valuabl ecologically, since, for 
example, th y can be incinerated by pyrrolysis [sic] or without the formation of 
harmful by-products. Because of their outstanding electrical properties, these 
polymers are particularly suitable for applications in the field of electrical 
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engineering and electronics, in particular as insulating materials (for example coil 
encapsulation). 

The following examples illustrate the invention in more detail. 

Al Preparation of polymers *Hh flpjnad evclootefin rings in the polvmer backbone 



Example A1: Preparation of 



(CM,), CH^CH-lCHj),— " 



-»* I— 



55.1 g (0.5 mol) of Vestenamer* 6213 (cydooctene polymerized by metathesis, 
HOIs AG) are dissolved in 200 ml of toluene, the solution is mixed with 33.05 g 
(0.25 mol) of dlcydopentadiene and the mixture is heated at 190°C in an 
autoclave for 8 hours. During this operation, the dicyclopentadiene is cleaved to 
give cyclopentadiene. which reacts with the Vestenamer to form norbomene 
groups. The reaction mixture is then poured into methanol/acetone (1:1). while 
stirring, and the polymer which has precipitated out is filtered off and then dried. 
Yield 50.4 g (76%). Elemental analysis. % calculated (found): C 88.57 (88.38). 
H 11.43 (11.60). 

'H-NMR analysis shows that 35% of the double bonds of the Vestenamer have 
been converted into norbornene units (x = 0.35 and y = 0.65). M„ * 8500 g/mol; 
M„ = 170.000 g/mol. determined by gel permeation chromatography in 
tetrahydrofuran with polystyrene standards. 



Example A2: Preparation of 



(CH,), CHsCH-(CH,) a — " 



55.1 g (0.5 mol) of Vestenamer* L3000 (cydooctene of low molecular weight 
polymerized by metathesis. HOIs AG. Marl) are mixed with 33.5 g (0.25 mol) i 
dicyclopentadien without a solvent and the mixture is heated at 190°C in an 
autoclave for 8 hours. Working up and analysis of the readion mixture are ca 
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m 



out analogously to Example A1. Yield 47.5 g (77%). Elemental analysis, 

% calculated (found): C 88.57 (88.54). H 1 1.43 (11.32). 

'H-NMR analysis shows that 28% of the double bonds of the Vestenamer have 

been converted into norbomene units (x =» 0.28 and y = 0.72). M„ = 50O g/riiol; - 

M v = 5000 g/mol. 

Example A3: Preparation of linear polydicydopentadiene with structural elements 




0.25 g of IW(N-C^ s XCH a Si(CH 3 ) 3 ) a (OC(CHJ 3 )CIJ is dissolved in 150 ml of toluene, 
and 30 ml of dfcydopentadiene are added. Irradiation is carried out for 30 minutes 
with a 1000W Xenon lamp with an IR water filter from a distance of one metre. 
Thereafter. 1 ml of benzaldehyde is added and the mixture is stirred at room 
temperature for a further hour. It is added dropwise to 1.5 1 of methanol and the 
polymer which has precipitated out is filtered off and dried in vacuo at room 
temperature. The yield of crude product is 22.6 g. 200 ml of toluene are added to 
the crude product and the mixture is stirred at room temperature for 3 days. It is 
centrifuged and the toluene solution is decanted off. and subsequently stirred into 
1.5 1 of methanol. The white polymer which has precipitated out is filtered off and 
dried in vacuo. The yield of polymer is 5.62 g (19%). The polymer is very readily 
soluble in toluene. 



Example A4: Preparation of 




(a) 15.0 g (0.091 mol) of norbornene-1 ,2-dicarboxylic anhydride are dissolv d in 
200 m» of toluene at 80X. A solution of 5.29 g (0.0455 mol) of 1 ,6-diaminohexane 
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in 50 ml of toluene is added dropwise with stirring. After 30 minutes at 80*C the 
mixture is cooled and filtered. The residue is powdered and dried under a high 
vacuum at 40'C for 24h. Yield: 18.5 g (81.6%). Melting point 164*C; IR (KBr): 
v(OO): 1635 cnv' (amide) and 1695 cm' (carboxyUc acid); 'H-NMR (DMSO-d,): 
inter alia 5.92-6.16 ppm: 4 otefin-H of the norbomene units; elemental analysis 
(CHaNA): calculated: C 64.85; H 7.26: N 6.30; found: C 66.64, H 8.34; N 7.22 

(b) 1.0 g (11 mmol) of 1.4-butanediol and 7.84 g (1 1 mmol) of the product 
obtained in (a) are dissolved in 50 ml of dimethytformamide. 4.54 g (22 mmol) of 
dicyclohexylcarbodiimide are added in portions with stirring and under an N, 
atmosphere, and the mixture is heated at 50"C tor 14 h. After cooling, the mixture 
is filtered and the filtrate is precipitated in 1 1 of water. Filtration and drying give the 
title compound. Yield: 4.2 g (84%); GPC (THF. PS standards): M B »5100 g/mol; 
1^*13.000 g/mol; elemental analysis (C^H^NA),,: calculated: C 67.44; H 7.68; N 
5.62; found: C 66.88, H 7.70; N 5.87; soluble in DMSO, DMF, CHCI,. THF, 
dioxane 

Example AS: Preparation of 




(a) 15.0 g (0.090 mol) of 7-oxanorbcmene-1.2-dicarboxylic anhydride are 
dissolved in 135 ml of dioxane at 60'C. A solution of 5.23 g (0.045 mol) of 1 .6- 
diaminohexane in 50 ml of toluene is added dropwise with stirring. After 30 
minutes at 60'C the mixture is cooled and filtered. The residue is powdered and 
dried under a high vacuum at 40'C for 24h. Yield: 13.09 g (64.9%). Melting point: 
120'C (decomposes); IR (KBr): v(OO): 1632 cnv' (amide) and 1700 cm-' 
(carboxylic acid); 'H-NMR (OMSO-d,): inter alia 6.0-6.5 ppm: 4 olefin-H of the 7- 
oxanorbornen units; el mental analysis (C„H M N a O,): calculated: C 64.85; 

H 7.26; N 6.30: found: C 66.64. H 8.3-4: N 7.22 

(b) 1.0 g (11 mmol) of 1.4-butanediol and 5.0 g (1 1 mmol) of the product obtained 
in (a) are dissolved in 50 ml of dimethylformamide. 4.54 g (22 mmol) of 
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dicyclohexylcarbodiimide are added in portions with stirring and tinder an N, 
atmosphere, and the mixture is heated at 50°C for 14 h. After cooling, the mixture 
is filtered and the filtrate is concentrated in a rotary evaporator. Drying gives the 
title compound. Yield: 5.2 g (94%); GPC (THF. PS standards): M„a7400 g/mol; 
M„=20.800 g/mol; elemental analysis (C M H w N,O s )„: calculated: C 62.14; H 6.82; N 
5.57; found: C 61.74. H 7.12; N 6.01; soluble in DMSO. DMF. CHCI,. THF. 
dioxane 

B) Use examples 

Example B1: Thermal polymerization 

In 1 ml of a 20% solution of the polymer according to Example A1 in chloroform, 
(a) 5 mg of Rulp-cumeneltPtC^nWjCI, or (b) 5 mg of RulP((^H„)3MCH 3 OH) 2 are 
dissolved. The mixtures are cast to films on glass plates with a doctor blade of 
100 um slit width. The solvent is evaporated off at room temperature for 1 hour 
and the film is then dried at 50'C in vacuo for 1 hour. The coated plates are stable 
to storage. The layers can be detached with toluene. The coated glass plates are 
heated either at 65*C for 4 hours or at 80*C for 2 hours. After cooling, the plates 
are placed in water, whereupon a transparent, practically colourless and 
unsupported film can be detached from the glass plate. The crosslinking is 
demonstrated by the insolubility and swellabifity of the film in toluene. The films 
have an elasticity modulus of 2 MPa (Minimat tensile tester). Dielectric constants 
(e) and and [sic] loss factors (tan 5) at 30°C and various frequencies (v): 



V 


G 


tan5(%) 


200 Hz 


2.8 


<0.01 


1000Hz 


2.7 


0.01 


10.000 Hz 


2.7 


0.015 


100 kHz 


2.6 


0.025 


1 MHz 


2.5 


0.03 


10 MHz 


24 • 


0.05 


100 MHZ 


2.3 


0.05 


1 GHz 


22 


not determined 
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Example B2: Thermal polymerization 

Analogously to Example B1. 5 mg of Rulp-cumeneFfCaHtOJaCI,, as the catalyst, 
are dissolved in 1 g of the polymer according to Example A2 by heating to 60'C 
and the solvent-free nurture is applied hot to a heated glass plate with a doctor 
blade. The coated plate is heated at 80*C tor 2 hours. After cooling, a pale yellow 
transparent and unsupported film is detached from the glass plate. The film is 
insoluble in toluene. 

Example B3: Thermal polymerization 

Analogously to Example B1. a 5% solution of the polymer according to Example 
A3 is dissolved in toluene with 0.5% by weight of Rufp-cumeneJlPfCaHiikkCI, as 
the catalyst, and the mixture is applied to a heated glass plate with a layer 
thickness of 20 um using a doctor blade. The coated plate is heated at 80'C for 
2 hours. After cooling, a transparent and unsupported film which swells only very 
slightly in toluene is detached from the glass plate. 



Example B4: Thermal polymerization 

The procedure is analogous to Example 3 and a film is formed on a copper foil. 
After the polymerization, the film has excellent adhesion to the copper foil. The 
coated copper foil is steeped in water for one week; even after this, the film can 
be detached from the copper film. 



Example A5: Photopolymerization 

A layer about 1 pm thick is applied to an Si semiconductor plate (wafer) by means 
of spin coating with a 10% solution of the polymer according to Example A1 and 
and [sic] 1% by weight (based on the polymer) of Ta[CH 2 ^Si(CHj}J 3 CI 2 . as the 
catalyst. :n toluene. The layer is exposed to an Oriel 350W UV lamp under a mask 
for 15 seconds, subs quently heated at 80'C for 30 seconds and then develop d 
with methylene chlcride. A relief image with a resolution of about 1 pm is obtained. 



Example B6: Photopolymerization 

Th solution used according to Example B5 is applied to a copper-coated epoxy 
laminate (printed circuit board) with a layer thickness of 50 pm using a doctor 
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blade (slit width 500 um). The layer is then heated at 70'C for 1 minute and 
subsequently exposed to a Hohnle 3000W UV lamp under a printed circuit board 
mask for 3 minutes. It is then heated at 70'C for 3 minutes and subsequently 
developed with methylene chloride. A negative relief image of high resolution js 
obtained. 



Example B7: Photopolymerization 

A layer about 1 um thick is applied to an Si semiconductor plate (wafer) by means 
of spin coating with a 10% solution of the polymer according to Example A3 and 
and [sic] 2% by weight (based on the polymer) of TatCH 2 -Si(CHj)j],CI 2 . as the 
catalyst, in toluene. The layer is exposed to an Oriel 350W UV lamp under a resist 
mask for 5 seconds, subsequently heated at 80°C for 30 seconds and then 
developed with toluene. A relief image with a resolution of about 0.7 um is 
obtained. 



Example B8: Photopolymerization 

A layer about 1 um is applied to an Si semiconductor plate (wafer) by means 
of spin coating with a 10% solution of the polymer according to Example A4 and 
and (sic] 1% by weight (based on the polymer) of TalCHj-SKCHJJaClj in dioxane. 
The layer is exposed to an Oriel 350W UV lamp under a resist mask for 
100 seconds and then developed with dioxane. A relief image with a high 
resolution is obtained. 

Example B9: Photopolymerization 

A layer about 1 um thick is applied to an Si semiconductor plate (wafer) by means 
of spin coating with a 10% solution of the polymer according to Example A5 and 
and [sic] 1% by weight (based on the polymer) of TaiCrVSKCH^CI, in dioxane. 
The layer is exposed to an Oriel 350W UV lamp under a resist mask for 
100 seconds and then d veloped with dioxane. A relief image with a high 
r solution is obtained. 
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Examole B10: Photocrosslinking 

0.5 g of the polymer according to Example A4 are dissolved in 5 ml of dioxane 
together with 5 mg of lRu(C^U,](Tos),. The solution is poured onto a glass plate 
and a film about 30 um thick is produced by means of a doctor blade. Exposure is- 
carried out for 3 minutes under a UV lamp, after which the clear, transparent films 
can no longer be dissolved, in particular neither in DM SO nor in dioxane. 

Example B11: Photocrosslinking 

0.5 g of the polymer according to Example A4 are dissolved in 5 ml of dioxane 
together with 5 mg of lRu(CH,CN) J(Tos),. The solution is poured onto a glass 
Plata and a film about 30 urn thick is produced by means of a doctor blade. 
Exposure is carried out for 3 minutes under a UV lamp, after which the clear, 
transparent films can no longer be dissolved, in particular neither in DMSO nor in 
dioxane. 

Example B12: Photocrosslinking 

0.5 g of the polymer according to Example A4 are dissolved in 5 ml of dioxane 
together with 5 mg of IRu<CH 9 CH^N)J(Tos),. The solution is poured onto a glass 
plate and a film about 30 um thick is produced by means of a doctor blade. 
Exposure is carried out for 3 minutes under a UV lamp, after which the clear, 
transparent films can no longer be dissolved, in particular neither in DMSO nor in 
dioxane. 

Example B13: Photocrosslinking 

0.5 g of the polymer according to Example A5 are dissolved in 5 ml of dioxane 
together with 5 mg of lRu(C,H.) J(Tos) 3 . The solution is poured onto a glass plate 
and a film about 30 urn thick is produced by means of a doctor blade Exposure is 
carried out for 3 minutes under a UV lamp, after which the dear, transparent films 
can no longer be dissolved, in particular neither in DMSO nor in dioxan 

Example B14: Photocrosslinking 

0.5 g of the polymer according to Example A5 ar dissolved in 5 ml of d.oxane 
together with 5 mg of [Ru(CH 5 CN).](Tos) 2 . The solution is poured onto a glass 
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plate and a film about 30 um thick is produced by means of a doctor blade. 
Exposure is carried out for 3 minutes under a UV lamp, after which the dear, 
transparent films can no longer be dissolved, in particular neither in DMSO nor in 
dioxane. 

Example B15: Photocrosslinking 

0.5 g of the polymer according to Example A5 are dissolved in 5 ml of dioxane 
together with 5 mg of [RutCHjCHaCNJJfTos),. The solution is poured onto a glass 
plate and a film about 30 urn thick is produced by means of a doctor Wade. 
Exposure is carried out for 3 minutes under a UV lamp, after which the dear, 
transparent films can no longer be dissolved, in particular neither in DMSO nor in 
dioxane. 

Example B16: Thermal crossiinking 

A film about 50 urn thick is produced on a glass plate by means of a doctor blade 
from a 10% solution of the polymer according to Example A4 in dioxane together 
with 1% (based on the polymer) of RuCWp-cumene)P(C^„), and subsequent 
evaporation of the solvent at 80'C. The film is crosslinked by heating at 120'C for 
1h. After detaching it from the glass plate, a tear-resistant film is obtained which is 
insoluble in both dioxane and DMF. 

Example B17: Thermal crossiinking 

A film about 50 M m thick is produced on a glass plate by means of a doctor Wade 
from a 10% solution of the polymer according to Example A5 in dioxane together 
with 1% (based on the polymer) of RuCl J (p-cumene)P(C,H„), and subsequent 
evaporation of the solvent at 80'C. The film is crosslinked by heating at 120*C for 
1h. After detaching it from the glass plate, a tear-resistant film is obtained which is 
insoluble in both dioxane and DMF. 

Example B18: Thermal crossiinking 

A layer 500 pm thick of a 10% solution of the polymer according to Exampl A1 
and 1% of [(C,H u ) 3 Pl s Ru(CH30H) 1 (Tos) 2 in toluene is applied to an iron panel. 
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Follcwing the evaporation of the toluene, the polymer is crossBnked at 80'C for 
1 h. The resulting film is insoluble in CHjCI,. 

Example B19: Thermal crosslinldng - 
A layer 500 urn thick of a 10% solution of the polymer according to Example A1 
and 1% of [(C,H M ),P],RuCI, in toluene is applied to an iron panel. Following the 
evaporation of the toluene, the polymer is crosslinked at 80*C for 1h. The resulting 
film is insoluble in CH 2 CI,. 
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PATgNT CLAIMS: 

1. A composition comprising (a) catalytic amounts of a one-component catalyst for 
metathesis polymerization and (b) at least one polymer with strained 
cydoalkenylene radicals bonded in the polymer backbone, alone or mixed with 
strained cycioolefins. 

2. A composition according to claim 1. wherein the polymers are those with 
recurring structural units of the formula (a) In the polymer backbone 

-C—C- (a). 
\ / 
A ' 



in which 

R„ and R« independently of one another are H or 0,-C.alkyl, or R», and R« 
together are a bond, and A. together with the OC group, forms an unsubstituted 
or substituted strained cycloolefin ring. 

3. A composition according to claim 2. wherein the structural units of the formula 
(a) are bonded directly or via bridge groups. 

4. A composition according to daim 2. wherein Ro, and R« are H. 

5. A composition according to claim 2. wherein the substituents for the cycloolefin 
ring are C,-C*lkyl or -alkoxy; C,-C 4 haloalkyl or -alkoxy; halogen; -CN. -NH,; 
secondary amino having 2 to 18 C atoms; tertiary amino having 3 to 18 C atoms; 
-C<0)-OR« or -C(0)-NR„Ro, in which Ro, and Ro, independently of one another 
are H. C,-C„alkyl. phenyl or benzyl. 

6 A composition according to claim 2. wherein in formula (a) 
Ro, and Ro, together [lacuna] a bond, and A [lacuna) unsubstituted or substituted 
C-Calkyl ne. unsubstituted or substituted C^, a heteroalkvlene. with at least on 
heteroatom from the group consisting of O. S and N; unsubstituted or substituted 
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CrCcycloalkytene. unsubstituted or substituted CrCtjheterocyctoalkylene. with 
at least one heteroatom from the group consisting of 0. S and N; unsubstituted or. 
substituted CrCjalkenylene; unsubstituted or substituted C-C^eteroalkenytene, 
with at least one heteroatom from the group consisting of O. S and N; 
unsubstituted or substituted Cs-Cwcyctoalkenylene; or unsubstituted or substituted 
C 4 -C M heterocycloalkenytene, with at least one heteroatom from the group 
consisting of O, S and N; or 

Ro, and Ro, independently of one another pacuna] H or C-Calkyl and A pacuna] 
unsubstituted or substituted C^^ctoalkenylene; unsubstituted or substituted 
C 4 -C, 2 heterocyctoalkenylene, with at least one heteroatom from the group 
consisting of O. S and N; or unsubstituted or substituted Cs-C.jcycloalkdienylene; 
or 

Ro, pacuna] a double bond together with a terminal C atom of the radical A: R» 
(lacuna] H or C,-C,alkyl; and A pacuna] unsubstituted or substituted C,- 
C, 2 alkylene. unsubstituted or substituted C-Cuheteroalkylene, with at least one 
heteroatom from the group consisting of O. S and N; unsubstituted or substituted 
C s -C„cycloalkylene; unsubstituted or substituted C 4 <;, a heterocycloalkylene with at 
least one heteroatom from the group consisting of O. S and N; unsubstituted or 
substituted CrC ia alkenylene; unsubstituted or substituted C,-C„heteroalkenylene 
with at least one heteroatom from the group consisting of O. S and N; 
unsubstituted or substituted CvC ia cydoalkenylene; or unsubstituted or substituted 
C 4 -C, a heterocyc!oalkenylene with at least one heteroatom from the group 
consisting of O. S and N; or 

Ro, and Ro, each pacuna] a double bond together with in each case a terminal C 
atom of the radical A, and A is unsubstituted or substituted C,-C ia alky!ene; 
unsubstituted or substituted CrC„heteroalkylene. with at least one heteroatom 
from the group consisting of O. S and N; unsubstituted or*ubstituted C»- 
C 12 cycloalkyl n ; or unsubstituted or substituted C 4 ^ 12 heterocydoalkylene. with at 
least one heteroatom from th group consisting of 0. S and N; 
it being possible for phenylene. C 4 -C^ycloalkytene or C 4 -C.heterocydoalkylene to 
be fused onto the alkylene. heteroalkylene. cycloalkylene. heterocycloalkylene, 
alkenyl ne, heteroalkenylene. cycloalkenylene. heterocydoalkenylene, 
alkdienylene, h teroalkdienylene. cycloalkdienylene and heterocycloalkdienylene. 
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7 A composition according to claim 6, wherein R,, and R« together are a bond, 
and A is unsubstituted or substituted Ca-C^lkylene. unsubstituted or substituted 
(VC^ycloalkylene. unsubstituted or substituted C^alkenylene or unsubstituted 
or substituted Cj-C^ydoalkenylene; or 

Ro, and R* independentiy of one another are H or C,-C«alkyl and A is 
unsubstituted or substituted CrCrCycloalkenylene; or 
Ro, is a double bond together with a terminal C atom of the radical A; R« is H or 
C-C.alkyl; and A is unsubstituted or substituted CrCalkenylene. unsubstituted or 
substituted C^doalkylene. unsubstituted or substituted (VCalkenylene or 
unsubstituted or substituted (VC^ycloalkenylene; or 

Ro, and Ro, each are a double bond together with in each case a terminal C atom 
of the radical A and A4s unsubstituted or substituted C-C^lkylene or 
unsubstituted or substituted Cs-Crcydoallcylene. 

8. A composition according to daim 1 . wherein the polymers are homo- or 

copolymers. 

9 A composition according to daim 2. wherein the polymer contains the structural 
elements of the formula (a) to the extent of at least 5 mol %. based on the 
polymer. 

10 A composition according to claim 9. wherein the polymer contains the 
structural elements of the formula (a) to the extent of 5 to 100 mol %. 

11 A composition according to daim 1, wherein the polymers are chosen from the 
homo- and copolymers of linear polyeooxides. polyesters, polyamides . , pdyester- 
amides, polyurethanes and polyureas in which the divalent diepox,de. dicarboxylic 
add or diisocyanate radicals, or in which the divalent dio. or diamine rad,cals. or 
both of these radicals, contain strained cycloo. fin radicals, and wh.ch. in the case 
of the copolymers of these divalent radicals, contain different di pox.de. 
dicarboxylic add or diisocyanate. diol or diamin radicals. 

12. A composition according to claim 1 1 . wherein the poly poxides contain 
recurring structura. e.em nts chosen from the group of structural elements of the 
formulae (b). (c). (d) and (e) 
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[^HrCHtOHKHrO-rVO^HrC^OHHJHrO- 
-Ro»-0- 



(b) , 

(c) . 



I-CHrCHtOHVCHrO-RorO^HrCHPH^-O- <d). 

-FVO- (e) " 

with the proviso that they contain at least structural elements of the formulae [sic] 
(b) or (c) or both, in which and Ro» independently of one another are a divalent 
radical of a strained cyctoclefin or a divalent radical with a strained cycloolefin, R„ 
is a divalent radical of a diglycidyl ether reduced by the glycidyloxy groups and R» 
is a divalent radical of a diol reduced by the hydroxyl group. 

13 A composition according to claim 1 2. wherein R* and R* independently of 
one another are mono or diolefinicaHy unsaturated CrCcycloalkylene or fused 
polycyclic CrC„cyc!oalkylene. 

14. A composition according to claim 12. wherein Ros and R. independently of 
one another are a norbornene radical of the formulae (nr t ) or <nr,) 



I CH,. 



(nr,). 



15 A composition according to claim 12. wherein Ro, and Ros are C-Calkylene. 
polyoxaalkylene having 2 to 50 oxaalkylene units and 2 to 6 C atoms m the 
oxyalkyl ne. C-C^ycloalkyl ne. C-Ccyctoalkytene^Hr. -CHrtC,- 
C 8 cycloalkylene)-CH r . C s -C M arylene. bisphenylene. benzylene, xyiylene or - 
WWC.Hr. where * is O. S. SO. SO, CO. CO, NH. N(C,-C 4 alkyl). 
alkylidene having 1 to 18 C atoms, or C s -C 7 cycloalkyl.dene. 

16. A composition according to claim 11. wherein the polyesters contain identical 
- . . , *oti the croup of structural elements of the 
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formulae (f), (g). (h) and (i). where at least the structural elements of the formulae 
[sic] (0 or (g) or both must be present 



-C(0)-IVC(0)- 



(f). 



-O-fWO- (9> ' 
-C(0)-Re„-C(0)- <">• 

-O-RoirO- (i)> 

in which R„» and FW independently of one another are a divalent radical of a 
strained cycloolefin or a divalent radical with a strained cydoolefin. Is a 
divalent radical of a dicarboxylic acid reduced by the carboxyl groups and is a 
divalent radical of a diol reduced by the hydroxyl group. 

17 A composition according to daim 16. wherein R<» and Ro« independently of 
one another are mono- or diotefinically unsaturated C^cydoalkylene or fused 
polycydic CT-CttCydoalkylene- 

18. A composition according to daim 16, wherein and Ro, 0 independently of 
one another are a norbomene radical of the formulae (nr,) or (nr a ) 



(nr,). 



19 A compositi n according to daim 16. wh rein Ron is C-Calkylen or 
-alkenylene.C3-C ia cycloalkyl n or -cydoalkenylene. C 5 -C.<*doalkylene-CH,-. 
-CH 2 -(C 5 -C 8 cydoalkylen >-CH,-. C 8 -C„arylene. bisphenylene. benzylen .xylylene 
or -C.H.-Xo.-C.H,, wh re X,,, is O, S. SO. SO,. CO. CO, NH. NtC-Calkyl). 
alkyliden having 1 to 18 C atoms, or Cs-CjCycloalkylidene. 
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20. A oomposition according to daim 16. wherein Ro«is Ca-C ie aBcy!ene, 
polyoxaalkytene having 2 to 50 oxaaikytene units and 2 to 6 C atoms in the 
oxyalkylene, (VCtaCydoalkylene. CrC^ycloalkylene-CH a -, -CHrtC-C.cydo- 
alkyleneJ-CHr. C^„arylene. bisphenylene, benzylene. xylylene. .C,H 4 -XorC,H<-, 
where X- Is O. S. SO. SO,. CO. CO,. NH. N(C,-C.alkyl). alkylidene having 1 to 18 
C atoms, or CrCTcyctoalkytidene. 

21 A composition according to daim 11. wherein the polyamides contain identical 
or different structural elements chosen from the group of stnictural elements of the 
formulae 0). (k). (!) and <m>. where at least the structural elements of the formulae 
[sic] (j) or (k) or both must be present 



-C(0)-Ro«-C(0)- 
-NH-Rou-NH- 
-WJ-RcsrCfO)- 
-NH-FWNH- 



0). 
(k). 

(0. 
(m). 



in which Ro„ and Ron independently of one another are a divalent rad,cal of a 
strained cydoolefin or a divalent radical with a strained cydoolefin. Ro,» «s a 
divalent radical of a dicarboxylic acid reduced by the carboxyl groups and R*. .s a 
divalent radical of a diamine reduced by the amino groups. 

22 A composition according to daim 21 , wherein R, 13 and independently of 
one another are mono- or diolefinically unsaturated C^cydcalkylene or fused 
polycydic CrC,»cycloalkylene. 

23 A composition according to daim 21. wherein R,,, and fc* independently of 
one another are a norbornene radical of the formulae (nr.) or (nr 2 ) 





<nr.) ^ (nfj) ' 

CH,- 
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24 A composition according to claim 21. wherein is CrCaikylene or 
.alkenvlene <vC,^oalkyleneor^doa^^ 

C^do^ene^, C^ryiene. bisphenyiene. benzene, xylene 
^C,H,lre Xo, * O. S. SO. SO, CO. CO, NH. N(C,-C 4 a*y.> or 
alkylidene having 1 to 18 C atoms, or C^doalkyHdene. 

25. A composition according to claim.21 . wherein R.,. is <**"^ 
C-C^doalKylene. C.-C.cydoa.kylene^H,. CH^cvdoai^neKH^ 
S-C ^ene. bsphenytene. benzylene, xylene or whe-^is 
o!s, SO. SO, CO. CO, NH. N(C,^a«kyl). or alkyiidene havmg 1 to 18 C atoms, 
or CarCTcydoaikylidene. 

26 A compost according kMU when* polyurethanes »d pofrureas 
corWn identical or different structural elements chosen from the grou p of 
aructural dements of the formula, <n). (o). (P) and «0. where at least the 
sttucuaa. elements of the formula. [sicHn) or (o) or both must be present 

-C(0)-NH-R„r+IH-C(O>- (n) ' 

^(0).NH-Roi»-NH-C(0)- Wh 
* v (q) ' 

In which Ron and Rot. M*M - - —» - ' 
^ cydooMn or , detent radial w«h , ^ , 
dfcalen, radlca, of a dUsocyanat. rrfuc* by «h. cyana* 9 roup an-R- « 
di»a^rad1ca...adia m inedrofad«reduc^b,th.am»K, rhydroxyl group 

and the X„ independently of on. another are -O- or -NH-. 

27 A oomposifion accord*, to claim 26. wherein R„, and fc. are mono- or 
dtolefinicall, unsaturated C 5 -C.cycloalk»lene or fused polyey<*c 
C r C 1B cycioalky!ene. 
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on. anouT.r. cydopen,^.. c^oh— ». cydooctenyfcn. or . 
norbomene radicals o« lha tomiulas (nr.) or («J 

^k/ (nr.) ("J- 
29 . A eomp«i« W ac^t»« fa i m 26.^tn^.i.^^^ 

a0^r*h^n 9 1to1»Catom».ocCrC*^^ . 

30 A ooo-po^ion accorcHno .o cWm 26. wh«.ln R. I. ^J-**"* 
having 2 to SO oxaa^n. -2* = C ~ 

c -C arvlon.. bOphenyleno. benzylen.. xylyten.. -<V<.-X«-W 
^"o f^TcO CO, NH. NKGA* - -^ H— 1 - 
18 C atoms. « C^C^ycloa*l*l«ia. 

3V a composition accordln. * daim 1 . wh«,in I. corner, «. .how havlnfl a 

carbon backbone. 

M which contain two olefWc double bonds to difl*™n, nngs. 

u «i«mii wherein the polymers contain recurring 
33. A composition according to claim 31. wherein me p« y 

structural lements of the formula (r) 

(0. 

=CH-R<a,-CH= 



» 
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atoms. 

^HC^x^CHa (0. 
or linear po,^^ 



:mc- 



or w^in i. h a copovner """"^ 

or both of the structural elements (0 and (f) ana suuciu 
formula (O 

* ^ed « M0 9 e„, =C -CN. 4ft. -COO. -SO*. ~£ 

r.^ #*« x PO <M.>,„ C,-C M alkyl. R,R a R 3 SKO) u -. 
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33 -cm,. • «*•. - 
ftjed on which * ur*ut»«ut«i or * aubsttuted by "ON- ^ 

rVWVSHQV. -COOM. -*>>"• «* ■«»(«,)» -SO*"** 
-TO**)., CrC*** CrCJi-o** W^ir^**. 
C,-C*»anoalkyl. CrC^ydoaW. CrCaryl. C^rakyl 
<VC*tWocyclo*«. C^J*-""* C^Meroarafcyl « 

Xand X, independ«*ly of one another are -O-. -S-. -CO, -SO, -SOr. 
■OWh -ClOhO, -C«»-N.V. -NR^CIOK -MrO- « -<MQr. 

R , Rl and R, LependenU, o, one ,nott*r are C-CaW C^»*«- 

X £ ** groups m ,um b* a un^ed or — d by 

ami rCindependenUyofoneano^rareC-Ca^, C-C.^ro- 

alkyl, phenyl or benzyl; 
M is an aataO metal and Mt is an alkaline earth metal; and 

Q, IsCrooen. C-C^lky.. WW*** WrfW 

C,-C, 9 aryl or Cy-CttPraRcyl. 

X, is-C(0)-0-or-C(0)-NR,r. 

C r C 12 aiKoxy. nu,, hA » proar alkvl groups being selected from th 

heterocycloalkyl. heteroaryl and heteroaramyi group 

group -0-. -S-, -NR»- and -N«; and 

n ^„H„w n C-C^alkyl, phenyl or benzyl. 
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36. A composition according to claim 35. wherein Q, is H. 

37. A compost according to claim 31. wherein the polymers with a carbon 
bacKbonea^copo^ 

cydoaKphatic dienes which contain at .east two olefin* dcubie bonds ,n drfferent 
rings, and ethytenically unsaturated comonomers. 

38 A composition according to daim 37. wherein the polymers contain recurring 
structural elements of the formula (r) and of the formula (s) 

(0 

=CH-R«,-CH= 



LhC-C^Ky^. onto wh** an d-tfm ^2**0 .ton,, . »fl« 
Za, c vtoa M**on cydo-Kyrtn. nr, Mving S .0 8 C «M 

-COOH. -COOX.-CalR* -C^NH, 0, * 

,L* ^ich i, un.ub««u« or sub*»u«d by OH. C. Br. C.-C..W. Cr 

or-SCyC,-C„alkyl. -C(0)OH. .ClOlO^.-Chydroxyakyl. -cmOC*** 

-CfOJ-NH, or -C(0)-NrW:,-C„aU<yl; and R,» » H. f or 

CrCnakyl. 

39. A imposition accorolng <o cla*n 38. «** ««. * H. F. 6*** 
or-C(0)-C 1 -C,allcyl. 

40. A composition according to claim 38. R» is H. F. Ct or C-Calkyl. 

41. A composition accord.* to daim 38. -herein B. is H. F. CI. CftOH. 

mJUw i*-* "** * unsuba,i ^ or suMWU,Kl b> ' 
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Br C -C alkyl C.-C.alkoxy. -COOH. *<0)OC,-C,.alkyl. -C(0)-NH,. 
^<0)-NH,-C(0)O-C^^ 

42. A composition according to daim 38. wherein is H or F. 

43. Acomposition according 

fonr,u.a(r)are chosen from the structural events of the formula ^ and (O 
and 

in- 



:hc — C^) — 



44. A ccmpos«on accord ,o c**n 31 th. pCy^ 

doubfcbond »l- -» and «— - r^Zt^Z, 

riM. doubt. bond, m th. po»m« ^Kbon. ar. mM par* « «M 
.ft op.-~.ia* or cycc tMm haw* 4 to ,2 C atom, a MM** 
rea c*o„ to 8 «. cydoalkanyle™ radicate havino 8 to 14 C atoms. 

-j- .~ Ad wherein 5 to 80% of the double bonds 

45. A composition according to claim 44, wnerein 

are reacted. 

t daim 44 wherein th m tathesis polymers contain 

46. A composition according t claim 

recurring structural elements of th formula (t) 

— CH-CH- (t). 
\ / 
A, 

in which A, is mono- or bicydic C s -C.cyc.oalkeny!ene. 
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47. A composition according to daim 46. wherein the structural element of the 
formula (t) is nortom-1.2-enylene of the formula (nrj 



(nr,)- 



48. A composition according to daim 44, wherein the metathesis polymer contains 
recurring structural units of the formula (u) 

— CH-CH-IW (g) 
A, 

and recurring structural elements of the formula (w) 

-CH=CH-IW (W) ' 

in which A„ together with the -CH-CH- group, is bicydic C-C.cydoalkeny.ene 
and Rom is C,-C 12 alkyksne. 

and. if desired, recurring structural elements of the formula (s) 

In which R«m <3 H. F, CM -COOH, «MW f^e?*' 

^OAC-Cu*". -C(0)-NH. or -CWHWCA** and Row is H, F of 
C,-C«alkyl. 
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49 A composition according to daim 31. wherein the polymers with a carbon 
backbone are homo- and copolymers of I.Mienes and. if desired, olefmically 
unsaturated monomers, of which the olefinic double bonds in the polymer 
backbone are reacted partly or completely with open^hain or cyclic Irenes 
having 4 to 12 C atoms in a Dials-Alder reaction to give cydoalkeriylene radicals 
having 6 to 14 C atoms. 

50. A composition according to claim 49. wherein 5 to 80% of the double bonds 
are reacted. 

51. A composition according to claim 49. wherein the I.Mienes are chosen from 
the group consisting of 1.3-butadiene. iscprene and chloroprene. 

52. A composition according to claim 49. wherein the polymers contain recurring 
structural elements of the formula (t) 

-CH-CH- {t ), 
A, 



in 



which A, is mono- or bicydic C-Ccydoalkenylene. 



53 A composition according to daim 52. wherein the strudural element of the 
formula (t) corresponds to norbornen-U-enylene of the formula (nrj 



(nrj. 



54. A composition according to daim 49. wherein tm polymer contain, recuning 
strudural units of the formula (y) 

-HjC-CH-C— CH,- <V> 
A, 
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and recurring structural elements of the formula (2) 

-CHj-CI^CfWCHr W. 

in which A,, together with the -CH-CR^ group, is bicycfic CrC^cycloalkenylene 
and Roar is H, CI or C-Cjalkyl. 

and, if desired, recurring structural elements of the formula (s) 

1 

f 025 ?~ (s) 
— c — c — w> 
II 

in which R„ is H. F, C-Calkyl. -COOH. -C^OCr^alkyl. -CCO)-NH 2 or -C(0)- 
NH-C,-C t2 alkyl; R„ is H. F. a. CN or C-Calkyl; Rom is H. F, CI, CN. OH. C,- 
C 1t alkyl. C,-C«alkoxy. phenyl which is unsubstituted or substituted by OH. CI. Br. 
C^alkyl. C t -C 4 alkoxy. -COOH. C(0)OC,-C, a alkyl. -CCOJ-NH,. -C(O^H-C,- 
Calkyl. -SO,H or -SOrC,-C ia alkyl. -C(0)OH, -C(0)<W5^C ia hydroxyallcyl. 
-C(0)0-C,-C ia alkyl. -C(p)-NH a or -CCO^NH-CrC^lkyl: and is H. F or 
C,-C 12 alkyl. 

55. A composition according to claim 1. wherein the comonomeric strained 
cydoolefins correspond to the formula I 



CH, ICQ, 

0). 




in which ^ .«.*u^ 

Qt is a radical having at least ne carbon atom which, together with the 

.CH«CQr group, forms an at least 3-membered alicydic ring which may 
contain one or more heteroatoms chosen from the group consisting of 
silicon, phosporus. oxygen, nitrogen or sulfur, and which is unsubstituted 
or substituted by halogen. =0, -CN, -NO,. R.R^Si-tpX,-. -COOM, 
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-SO,M. -PQjM, -COOM),*. -SOjtMOiij. -POjfM,),*, Ct-C^aDcyl, 
CrCMhydro^alMCrCjohaloalkyl. C,-C,cyanoalkyl. C,-C,cydoalkyl, 
C,-C 16 aryl. CrCwaralkyl. Cj-C^eterocydoalM. CrC,.heteroaryl. 
C«.C 1B heteroaralkyl or R4-X-; or in which two adjacent C atoms are 
substituted by -CO-O-CO- or -CO-NrVCO-; or in which an aficydic, 
aromatic or heteroaromatic ring which is unsubstituted or substituted by 
halogen. -CN, -NO* RVWHOX.-. -COOM. -SOjM. -PO3M. 
-COOtMOw. -SC^M,),*. •P0,(M,), o . C.-Coalkyl.C^ohaloalkyl. C r 
C J0 hydroxyalkyl.C,-C B cyanoalkyl. CyCaCydoalkyl. C 9 -C, 9 aryl. Cr 
Caralkyl. CrC«heterocydoalkyl. CrC,,heteroaryl. C 4 -C 18 heteroaralkyl or 
R, r X,- may be fused onto adjacent carbon atoms of the alicycPc ring; 

X and X, independently of one another are-O. -S-. -CO-. -SO-. -SCy, -O-C(0K 
-C(0)-0-, -C(0)-NRr. -NRto-C(Oh -SOrO-or-0-SO r ; 

R„R, and R» independently of one another are CrC«alkyl. C,- 
Cjperfluoroalkyl. phenyl or benzyl; 

R«and R,,independeritlyareC 1 -C^lkyl.C 1 -C 2 or^<)allcyl. 

C-Cjohydroxyalkyl. CrCcydoalkyl. C«-C 16 aryl. C-Caralkyl; 

R 9 and R, 0 independently of one another are hydrogen. C r C„alkyl. phenyl or 
benzyl, where the alkyl groups in their turn are unsubstituted or 
substituted by C,-C«alkoxy or C,-C»cydoalkyl; 

R* R, and R, independently of one another are C,-C,jalkyl. C,- 
C, a perfluorc*lty. phenyl or benzyl; 

M is an alkali metal and M, is an alkaline earth metal; and 

u is 0 or 1; 

where the alicycKc ring formed with Q, may contain further non-aromatic double 
bonds; 

Q 2 is hydrogen. C-C^lkyl. C,-C»haloalkyl, C,-C„alkoxy. halogen, -CN, R„- 

x -■ 

R„ is CrC^alkyl. C-C^haloalkyl. CrC„hydroxyalkyl. CrCecycloalkyl. 

C,-C„aryl or C r C»aralkyl; 
X, is -C(0)-0- or -C(0)-NR ia -: 
R 12 is hydrogen. Ct-Cualkyl. phenyl or benryl; 

where the abovementioned cycloalkyl. h terocydoalkyl. aryl. h t roaryl. aralkyl 
and heteroaralkyl groups are unsubstituted or substituted by C,-C t2 alkyl. 
C t C 12 alkoxy. -N0 2 . -CN or halogen and where the heteroatoms of the 
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abovementloned heterocycioalkyl. heteroaryl and heteroaralkyl groups are chosen 
from the group consisting of -0-, -S-. -NFV and -N«; and 
R, is hydrogen. C,-C ia alkyl. phenyl or benzyl. 

56. A composition according to daim 1. which comprises comonomeric 
polyfunctional strained cycloolefins which are those of the formula (f 1 ) 



CO.-U 



(ft). 




in which T is the radical of a strained cydoolefin. U is a direct bond or an n-valent 
bridge group and n is an integer from 2 to 8. 

57. A composition according to daim 56, wherein the radicals T correspond to 
cydoolefin radicals of the formula (f2) 



<f2> 



in which 

Q, is a radical having at least one carbon atom which, together with the 

-CH*CO r group, forms an at least 3-membered alicydic ring which may 
contain one or more heteroatoms chosen from the group consisting of 
silicon, phosporus. oxygen, nitrogen or sulfur; and which is unsubstituted 
or substituted by halogen. =0. -CN. -NO,. R,RaR s Si-(0)„-. -COOM. 
-SOjM. -PO,M, -COO(M,)w. -SO,(M,),o. -P0,(M,), fl , C,-C»alkyl. 
CrC^ydroxyalMC,-C^al^^ 

C.-C„aryl. C-C.,aralkyl, C-Cheterocydoalkyl. C s -C«heteroaryl, 
C 4 -C„heteroaralkyl or R.-X-; or in which two adjacent C atoms are 
substituted by -CO-O-CO- or -CO-NR s -CO-; or in which an alicydic. 
aromatic or heteroaromatic ring which is unsubstituted or substituted by 
halogen. -CN, -NO,, R.R 7 R.Si-<0) u -, -COOM, -S0 3 M. -PO a M, 
-C00<M,),„. -S0 3 (M,) w . -P0 3 (M,), a . C-C^alkyLC-C^aloalkyl, C- 
C M hydroxyalkyl,C 1 -C.cyanoalkyl, C s -C.cycloalkyl. C-C,.aryl. C 7 - 
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C 16 aralkyl. Cj-CJteterocydoalkyl. CrC,«heteroaryl. C 4 -C,«heteroaralkyl or 

R„-X,- may be fused onto adjacent carbon atoms of the alicyclic ring; 
X and X, Independently of one another are-O-, -S-. -CO-, -SO-, -SO r , -CW3(0)-. 

-C(0)-0-. -C(0)-NRr. -NR 1(r C(0)-. -SOrO- or -O-S0 r ; 
R„ R, and R 3 Independently of one another are C,-C 12 alkyl, C,- 

Caperfluoroalkyl. Phenyl or benzyl; 
R^nd R 19 independently are C.-Caoalkyl.Ct-Cjohaloalkyl, 

C-Cjohydroxyalkyl. C,-C,cydoalkyl. CrCwaryl. CrC„aralkyl; 
Rs and R 10 independently of one another are hydrogen, C,-C 12 alkyl, phenyl or 

benzyl, where the alkyl groups in their turn are unsubstituted or 

substituted by C,-C 12 alkoxy or Cj-C.cydoalkyl; 
R» R 7 and R, independently of one another are C,-C ia alkyl. C r 

Cjperfluoroalkyi. phenyl or benzyl; 
M is an alkali metal and M, is an alkaline earth metal; and 
u IsOorl; 

where the alicyclic ring formed with Q, may contain further non-aromatic double 
bonds; 

Q 2 is hydrogen. C-C^lkyt. C-Cohaloalkyl, (VCjaltoxy. halogen. -CN, R„- 
X r ; 

R„ is C-Coalkyl. C-Cohaloalkyl. C-Cjohydroxyalkyl. C-Ccydoalkyl. 
(VCwaryl or CrC,^lkyl; 

X, is -C(0)-O- or -C(0)-NR ia -: 

R tt is hydrogen, C-Calkyl. phenyl or benzyl; 

where the abovementioned cycloalkyl. heterocycloalkyl. aryl, heteroaryl. aralkyl 

and heteroaralkyl groups are unsubstituted or substituted by C,-C„alkyl. 

C, C ia alkoxy. -NO,. -CN or halogen and where the heteroatoms of the 

abovementioned heterocycloalkyl. heteroaryl and heteroaralkyl groups are chosen 

from the group consisting of -O-. -S-. -NR,- and -N=; and 

R, is hydrogen. C,-C ia alkyl, ph nyl or benzyl. 

58. A composition according to claim 56, wherein U is 
(a) a divalent bridg group of th formula (f5) 



-Xs-Ro28"X«- 
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in which 

Xs and X, Independently of one another are a direct bond. -O-. -CHj-O, -C(0)0-, 

-0(0)C-, -CHrO(0)C-, -C(0)-NfW. -IWKOJC-. -NH-C(0)-NR,w-. 

-0-C(0)-NH-. -CHrO-C(0)-NH- or -NH-C(0)-O-, and 

R.B, is CrC«alkylene. Cj-CsCycloalkylene which is unsubstituted or substituted by 

C,-C 4 alkyl or C r C 4 alkoxy. C^Carylene or CrC„aralkylene which are 

unsubstituted or substituted by C,-C 4 alkyl or C,-C«alkoxy, or polyoxaalkylene 

having 2 to 12 oxaalkyiene units and 2 to 6 C atoms in the alkylene, and 

Ron is H or C,-C 6 alkvi; or 

(b) a trivalent bridge group of the formula (f6) 



1 (f6). 
Xj~ Rosier 



in which 

X, X. and X, are -O-. -CHrO-, -C(0)0-, -0(0)C. -CH,-0(0)C-. -C(0)-NrW. 
-FWHOJC-. -NH-C(0)-NR«,-. -0-C(0)-NH-. -CHrO-C(0)-NH. or -NH-C(0)-0-. 
and 

Rg,, fe a trivalent aliphatic hydrocarbon radical having 3 to 20 C atoms, a tnvalent 
cycloaliphatic radical which has 3 to 8 C atoms and is unsubstituted or substituted 
by C,-C 4 alkyl or C,-C 4 alkoxy. or a trivalent aromatic radical having 6 to 18 C 
atoms, which is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. a 
trivalent araliphatic radical having 7 to 19 C atoms, which is unsubstituted or 
substituted by C,-C 4 alkyl or C-C.alkoxy. or a trivalent heteroaromatic radical 
having 3 to 13 C atoms and 1 to 3 heteroatoms from the group consisting of -0-. 
-N- and -S-. which is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. 
and R«« is H or C-CealkyI; or 
(c)atetraval nt bridge group of th formula (f7) 
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in which 

X,. X,, X r and X, are -C<0)0-. -CHrO(0)C- or -CtO^NfW. and 
R« is a tetravalent aliphatic hydrocarbon radical having 4 to 20 C atoms, a 
tetravatent cycloaliphatic radical having 4 to 8 ring C atoms, which is unsubstituted 
or substituted by C-Calkyl or C-C 4 altoxy. or a tetravalent aromatic radical 
having 6 to 18 C atoms, which is unsubstituted or substituted by C^lkyl or 
C^alkoxy. a tetravalent araliphatic radical having 7 to 19 C atoms, which is 
unsubstituted or substituted by C^alkyl or C,-C 4 alkoxy. or a tetravalent 
heteroaromatic radical having 3 to 13 C atoms and 1 to three heteroatoms from 
the group consisting of -0-. -N- and -S-. which is unsubstituted or substituted by 
C,-C4alkyl or C,-C 4 alkoxy. and 
R« B9 isHorC r C s alkyl. 

59. A composition according to claim 1, which comprises polymers and. if desired, 
monomers which are built up only from carbon and hydrogen. 

60 A composition according to claim 1. which comprises the one-component 
catalyst in an amount of 0.001 to 20 mol %. based on the amount of the monomer. 

61 A composition according to claim 60, which comprises the one-component 
catalyst in an amount of 0.01 to 10 mol %. based on the amount of the monomer. 

62. A composition according to claim 1. which comprises, as the one-component 
catalyst, 

(a) a ruthenium compound or osmium compound which possesses at least one 
photolabile ligand attached to the ruthenium atom or osmium atom, and the rest of 
whose coordination sites are occupied by non-photolabile Jigands; or 

(b) a molybdenum<VI) compound or tungsten(VI) compound which has at least 
two mthyl groups or two monosubstituted methyl groups attached to th metal, 

the substituent containing no hydrogen atom in the a position; or 

(c) a titanium(iV,. niobiumfV). tantalum(V). molybd numfl/l) or tungsten(V.) 
compound in which a silylmethy. group and at least one halogen are attached to 
the metal; or 
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(d) a niobium(V) compound or tantalum(V) compound which has at least two 
methyl groups or two monosubstituted methyl groups attached to the metal, the 
substituent containing no hydrogen atom In the a position; or 

(e) a titanium(IV) compound which has at least two methyl groups or two 
monosubstituted methyl groups attached to the metal, the substituent containing 
no hydrogen atom in the a position; or 

(!) a ruthenium compound or osmium compound which have [sicj at least one 
phosphine group, at least one photolabile Bgand and, If desired, neutral ligands 
attached to the metal atom, a total of from 2 to 5 ligands being attached, and 
contains the acid anions for charge compensation; or 

(g) a dlvalently cationic ruthenium compound or osmium compound having a metal 
atom to which 1 to 3 tertiary phosphine ligands with, in the case of the ruthenium 
compound, sterically bulky substituents, if desired, non-photoiabile neutral ligands. 
and anions for charge compensation are attached, with the proviso that in 
ruthenium(trisphenylphosphine) dihalides or hydride halides the phenyl groups are 
substituted by C,-C„alkyl. C,-C„haloalkyl or C,-C,,alkoxy. 

63. A composition according to claim 62. wherein the photolabile ligands are 
nitrogen (N,). monocyclic, polycycfic or fused arenes having 6 to 24 C atoms, 
which are unsubstituted or substituted by OH, C^alkyl, C^alkoxy. C-Caryl 
or halogen, or monocyclic heteroarenes. fused heteroarenes or fused arene- 
heteroarenes having 3 to 22 C atoms and 1 to 3 heteroatoms chosen from the 
group consisting of O. S and N. which are unsubstituted or substituted by 
C,-C«-alkyl. C,-C 4 alkoxy or halogen; or aliphatic, cycloaliphatic aromatic or 
araliphatic nitrites having 1 to 22 C atoms, which are unsubstituted or substituted 
by C,-C 4 alkyl, C-C^alkoxy or halogen. 

64. A composition according to claim 62, wherein the non-photolabile ligands are 
H 2 0. HjS. NH,; halogenated or unhalogenated. aliphatic or cycloaliphatic alcohols 
or mercaptans having 1 to 1 8 C atoms, aromatic alcohols or thiols having 6 to 18 
C atoms, and araliphatic alcohols or thiols having 7 to 18 C atoms; aliphatic, 
cycloaliphatic. araliphatic or aromatic ethers, thioethers. sulfoxides, sulfones. 
ketones, aldehydes, carboxylic acid esters, lactones, optionally N-C,-C 4 mono- or 
-dlalkylat d carboxylic acid amides having 2 to 20 C atoms and optionally 
N-C,-C 4 alkylated lactams; aliphatic, cycloaliphatic. araliphatic or aromatic, primary. 
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secondary and tertiary amines having 1 to 20 C atoms; and unsubstituted or 
substituted cyclopentadienyls. 

65. A composition according to daim 62. wherein the ruthenium or osmium 
compound corresponds to the formula IX 

in which 

Me is ruthenium or osmium; 
n is 0,1, 2. 3. 4. 5. 6. 7 or 8; 
L, is a photolabile ligand; 

I* U U U and L, independently of one another are a non-phctolabile or a 

photolabile ligand; 
m is 1.2, 3. 4. 5 or 6; 

o, p. q. r and s independently of one another are 0, 1, 2, 3, 4 or 5; 
z„ z* z* 24. 2j, 2« and z 7 independently of one another are -4, -3. -2, -1. 0, +1 or 
+2; and 

L 7 is a non-coordinating cation or anion; 

where the sum of m ♦ o ♦ p * q ♦ r ♦ s is an integer from 2 to 6 and t is the 

quotient of (n + m . z, + o . 2, + p ^, ♦ q • 2« ♦ r . 2s + s . z,y/2,. 

66. A composition according to claim 62. wherein the methyl groups or 
monosubstituted methyl groups are those of the formula XI 

-CHj-R (X0, 

in which R is H, -CF 9 . -SiR„R*R«. -CR. W» or C 6 -C„aryl or C 4 -C, 4 heteroaryl 
having 1 to 3 heteroatoms from the group consisting of O, S and N. which ar 
unsubstituted or substituted by C,-C 6 alkyl or C,-C,alkoxy; 
R^R^andR.oindepend ntlyof n another ar C,-C ia alkyl, C« or Ccycloalkyl. 
or are unsubstituted or C,-C.alkyl- or C.-C^lkoxy-substituted phenyl or benzyl; 
and 

R 41 R^andR^independ ntlyof on another ar C,-C, 0 alkyl which is 
unsubstituted or substituted by C,-C 10 alkoay. or R 4I and R« have this meaning and 
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R43 is Gg-Cioaryl or C 4 -C^ieteroaryl which is unsubstituted or substituted by C,- 
C,alkyl or C.-Calkoxy. 

67. Compound according to claim 82. wherein the molybdenum or tungsten 
compound is that of one of the formulae XII to Xllc 

R.,— Me — R H ( x,l >- 
' /\ 



x 1 57 r> R » 

R^Me Me^—Rj. (X"a). 

R» Rm R s» "» 



R« 



N Me=Me (XHb). 



R $3 R M 

r w Me=Me — Rj* ( x,,c )- 



I 



R95 



in which 

MeisMo(VI)orWtVI); 

at least two of th radicals R* to R» are a radical -CH,-R of th formula XI 
according to claim 66; 

in each cas two of the other radicals of R M to R* are =0 or =N-R«4. and R* is 
linear or branched C t -C 18 alkyl which is unsubstitut d or substituted by 
C,-C s alkoxy, C 9 - or C,cycloalkyl which is unsubstituted or substituted by 
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C,-C 6 alkyl, C,-C,a)koxy or halogen, phenyl which is unsubstituted or substituted by 
C,-C,alkyl, C,-C,alkoxy. C,-C^lkoxymethyl. C,-C,alkoxyethyl, di(C,^lkyl)amino, 
di(C,^»aikyl)amino-C,-Caalkyl, or halogen, or benzyl or phenylethyl which are . 
unsubstituted or substituted by C,-C«alkyl. C,-Caalkoxy. C,-C,allcoxymetnyl, 
C,-C«alkoxyethyl or halogen; and/or 

the other radicals of R» to R« are secondary amino having 2 to 18 C atoms. 
R^O- or R45S-. halogen, cydopentadienyl or bridged biscyclopentadienyl or a 
neutral Hgand, in which R45 Is linear or branched C,-C„alkyl which is unsubstituted 
or substituted by C,-C a alkoxy or halogen. C*- or Ccydoalkyl which is 
unsubstituted or substituted by C,-C^lkyl. C,-C«alkQxy or halogen, phenyl which is 
unsubstituted or substituted by 0,-C.alkyl. Cv-C^lkoxy. C-Csalkoxymethyl, 
C-C.alkoxyethyl or halogen, or benzyl or phenylethyl which are unsubstituted or 
substituted by C,-C,aJkyi; C f -C«alkoxy. C,-C,alkoxymethyl, C,-C*alkoxyethyl or 
halogen. 

68. A composition according to claim 62. wherein the silylmethyl group is that of 
the formula XIV 

-CH 2 -SiR„R,,R«o (XIV) ' 

in which 

R*. R M and R* independently of one another are C,-C„alkyl. C r or Ccydoalkyl 
or phenyl or benzyl which are unsubstituted or substituted by C,-C,alkyl or 
C,-C,alkoxy. 

69. A composition according to daim 62. wherein the titanium, niobium, tantalum, 
molybdenum or tungsten compound is that of one of the formulae XV, XVa and 
XVb 




(XV). 
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Mb, R„ (Xva). 

*7J *71 



Ti 
/ \ 



(XVb). 



in which 

Me,isMo(Vt)orW(VI); 
Me,isNb(V)orTa(V); 

one of the radicals R» to R, 4 '» a radical -CH 2 -SiR M R„R«o of the formula XIV 
according to claim 68; 

at least one of the radicals R« to R M is F. CI or Br, 

r m , r w and R40 independently of one another are C,-C,alkyl. C $ - or Ccydoalkyl. 
or phenyl or benzyl which are unsubstituted or substituted by C,-C,alkyl or 
C,-C,alkoxy; 

in formula XV two or in each case two, and in formula XVa two of the other 
radicals of R* to R n each together are =0 or sN-R*. and R M is linear or branched 
C-Crflkyl which is unsubstituted or substituted by C,-C,alkoxy. C 5 - or 
Ccydoalkyl which is unsubstituted.or substituted by C,-C a alkyl. C,-Calkoxy or 
halogen, phenyl which is unsubstituted or substituted by C,-Calkyl. C,-Calkoxy. 
C,-C,alkoxymethyl. C,-Calkoxyethyl. di(C,-C 9 alkyl)amino. dKC -Calkyl)amino- 
C,-C,alkyl or halogen, or benryl or phenylethyl which are unsubstituted or 
substituted by C.-Calkyl. C.-Calkoxy, CrC,alkoxyrnethyl, C-Calkoxyethyl. di(C,- 
Calkyljamino, dKC-CalkyDamino-CrCjalkyl or halogen, and 
the other radicals are secondary amino having 2 to 18 C atoms. R 4S 0- or R 4S S-. 
halogen, unsubstituted or substituted cydopentadienyl or bridged 
biscydopentadienyl or a n utral ligand. in which the R 4 » independently of on 
another are linear or branched C,-C, 6 alkyl which is unsubstitut d or substituted by 
C-Calkoxy or halogen. C 5 - or Ccydoalkyl which is unsubstituted or substituted 
by C-Calkyl. C-Calkoxy or halogen, phenyl which is unsubstituted or 
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substituted by C,-C«alkyl. C,-C^lkoxy. C,-C»all(Oxymethyl. C,-C*lkoxyethyl. 
di(C,-C,-alkyl)amino. dl(C,-C,^llcyOam«no<;,-C,alkyl or halogen, or benzyl or 
phenylethyl which are unsubstitutsd or substituted by C,-C 8 alky1. C,-C,alkoxy. _ 
C,-C 5 alkoxymethyl. C,-C»alkoxyethyl. di(C,-C,-alkyl)amir.o. o1(C,-C,-alkyl)amino- 
C,-C,alkyl or halogen; or 

in the formulae XV, XVa and XVb. the other radicals independently of one another 
are secondary amino having 2 to 18 C atoms. R^O- or R^S-. halogen, 
unsubstituted or substituted cydopentadienyl or bridged biscydopentadienyl or a 
neutral ligand. in which the R« indepervtently of one another are linear or 
branched C r C„alkyl which is unsubstituted or substituted by C,-C»alkoxy or 
halogen, <V or C,cydoalkyl which is unsubstituted or substituted by C,-C»alkyl. 
C,-C,alkoxy or halogen, phenyl which is unsubstituted or substituted by C,-<^alkyi. 
C-Calkoxy. C-C^alkoxymethyl. C,-Crflkoxyethyl. di(C,-C,-aikyl)amino. di<C,<V 
alkyl)amino-C,-Caalkyl or halogen, or benzyl or phenylethyl which are 
unsubstituted or substituted by C,-Calkyl. C-Calkoxy. C-C.alkoxymeihyl. C- 
Calkoxyethyl. di(C,-C*-alkyl)amino. di(C,-C,-alkyl)amino-C.-C,-alkyl or halogen 

70. A composition according to claim 62. wherein the niobium or tantalum 
compound is that of the formula XVIII 

Me — R,j (XVIII). 

/ \ 



in which 

MeisNb{V)orTa(V). 

at least two of the radicals R M to R„ are a radical -CH.-R of the formula XI 
according to claim 66; 

two of the other radicals of R M to R„ together are =0 or =N-R M and R„ « Lrear 
or branched C,-C„alkyl which is unsubstituted or substituted by C-C.-a*o*y 
C,- or Ccycloalkyl which is unsubstituted or substituted by C.-C^aikyi C-C,a*oiy 
or halogen, phenyl which is unsubstituted or substituted by C-QaJkyi C- 
Calkoxy. C,-C 8 alkoxymethyl. C.-C.allcoxyethyl. d.(C-C«-alkyl)am.no d.(C-C 4 - 
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alkyl)amino-C,-C,alkyl or halogen, or benzyl or phenylethyl which are 
unsubstituted or substituted by C t -C^Hcyl. C.-C.alkoxy. C,-C,alkoxymethyl. C,- 
Calkoxyethyl. di(C,-C,-alkyl)amino. dKC^IkylJamino-C-Calkyl or halogen; 
and/or 

the other radicals of R« to R* independently of one another are secondary amino 
having 2 to 18 C atoms. R45O. halogen, cyctopentadienyl or bridged 
biscyctopentadienyl or a neutral ligand. in which the R41 independently of one 
another are linear or branched C.-Calkyl which is unsubstituted or substituted by 
C-Calkoxy or halogen. C*- or C,cydoalky1 which is unsubstituted or substituted 
by C,-C^lkyl. C-Calkoxy or halogen, phenyl which is unsubstituted or substituted 
by C,-Calkyl. C,-Ctf»lkexy. C,-C,alkoxymethyl. C-Calkoxyethyl. 
di(C,-C.alkyl)amino. di(C,-C»alkyl)amino^,-C,all(yl or halogen, or benzyl or 
phenylethyl which are unsubstituted or substituted by C,-C*lkyl. C-Calkoxy. 
CrC,alkoxymethyl. C^lkoxyethyl. di(C,-C,alkyl)amino. dKCrC.alkyOamino-C,- 
Cjalkyl or halogen. 

71. A composition according to claim 1. wherein the titanium(IV) compound is that 
of the formula XX 

^tT (XX). 



in which 

at least two of the radicals R,, to R* are a radical -CH r P of the formula XI 
according to claim 66; and 

the other radicals R, 7 to R* are secondary amino having 2 to 18 C atoms. R*0-. 
R^S- halogen, cyclopentadienyl or bridged biscyctopentadienyl or a neutral 
ligand. in which the R„ independently fon another are linear or branched 
C-Calkyl which is unsubstituted or substituted by C,-C,alkoxy or halogen. C 8 - or 
Ccycloalkyl which is unsubstituted or substituted by C-Calkyl. C,-C.alkoxy r 
halogen, phenyl which is unsubstituted or substituted by C,-C.alkyl. C,-C.alkoxy. 
C-Calkoxymethyl. C,-C.alk xy thyl. di(C,-C.alkyl)amino. di(C,-C.alkyl)a.™c- 
C-Calkyl or halogen, or benzyl or ph nylethyl which are unsubstituted or 
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substituted by C,-C*lkyl. C,-C,alkoxy. C,-C^lkoxymethyl. C-Calkoxyethyl, 
ditC-C.alkyOamino. <fi(C,-C^lkyl)amino^,-C 3 alkyl or halogen. 

72. A composition according to daim 62. wherein the phosphine ligands 
correspond to the formulae XXIII or XXIIIa 



(XXIII) 



in which R,,. R« and R„ independently of one another are H. C,-C»-alkyl. 
C.-Cjoalkoxy. (VCuCydoalkyl or cydoalkoxy which are unsubstituted or 
substituted by C-Calkyl. C-CJatoalkyt or C r C«alkoxy or C«-C„aryl or 
C-C l6 aryloxy which are unsubstituted or substituted by C-C^alkyl. C-Cahaloalkyl 
or C-C^lkoxy. or CrCaralkyl or CrC^aralkyloxy which are unsubstituted or 
substituted by C,-C*Jkyl, C-CJialoalkyl or CrC,alkoxy; the radicals R,, and R« 
together are tetra- or pentamethylene or tetra- or pentamethylenedioxyl which are 
unsubstituted or substituted by C,-C,alkyl. C-Chaloalkyl or C.-Q.alkoxy, or tetra- 
or pentamethylene or tetra- or pentamethylenedioxyl which are unsubstituted or 
substituted by C,-C,alkyl. C,-G»haloalkyl orC,-C,alkoxy and fused with 1 or 2 

1 .2- phenylene. or tetramethylenedioxyl which is unsubstituted or substituted by 

W C-Calkyl. C^haloalkyl or CrC,alkoxy and is fused in the 1.2- and 3.4-positions 
with 1.2-phenytene. and R» has the abovementioned meaning; and 
Z, is linear or branched C a -C, a alkylene which is unsubstituted or substituted by 
C,-C 4 alkoxy. 1.2- or 1.3-cydoalkylene having 4 to 8 C atoms, which is 
unsubstituted or substituted by C r C«alkyl or C t -C 4 alkoxy. or 1.2- or 

1.3- heterocycloalkylene having 5 or 8 ring members and one heteroatom from the 
group consisting of O r N. which is unsubstituted or substituted by C,-C 4 alkyl or 
C,-C 4 alkoxy. 

73. A composition according to claim 62. wherein th ruthenium or osmium 
compound is that of one of th formulae XXV to XXVf 
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(R 94 R M R w P)UMe* , (Z'-) a 


(XXV), 


(R*R*R»P)aUMe , XZ , -) 2 


(XXVa). 




(XXVb). 


(R«R«R«P)3UMe'*(Z 1 -) 2 


(XXVc). 




(XXVd). 


(R^rVW^UUMe**^ 


(XXVe). 




(XXVf). 



in which 

Me is Ru or Os; 

Z in formulae XXV to XXVe is H, cydopentadienyl, Cl\ Br. BF/, PF» , SbF,. AsF,\ 

CFjSO,-. C,rVSO,-. 4-methyKWSO,". S.Wimethyl-CHrSOa , 2.4,6-trimethyl- 

CHrSO*- and 4-CFrC.rVSO,- and in formula XXVf is H\ cydopentadienyl, BF/, 

PF,\ SbF.\ AsF«, CF^O,'. CHrSCV. 4-methyl-C.rVSCV. 2.6-dimethyl-C.Hr 

SO,*. 2.4.6-trimethyl-C^rSO,- or^F^Hs-SOa; 

R«. R* and R« independently of one another are C,-C,alkyl, or cyctopentyl or 

cyclohexyl or cydopentyloxy or cydohexyloxy which are un$ubstituted or 

substituted by 1 to 3 C-C^allcyl. or phenyl or benzyl or phenyloxy or benzyloxy 

which are unsubstituted or substituted by 1 to 3 C,-C 4 alkyl; 

U is C,-C«arene or C s -C«heteroarene which are unsubstituted or substituted by 1 

to 3 C,-C,alkyl. C r C«alkoxy. -OH. -F or CI; 

L, is CrCalkyl-CN. benzonitfile or benzylnitrile; and 

L 10 is H,0 or C.-C^alkanol. 

74 A composition according to claim 62. wh rein the ruthenium or osmium 
compound is that of one of the formulae XXVI. XXVIa. XXVIb. XXVIc and XXVId 

Me'-dnMUHY,-), 
Me^UkOV), 



(XXVI). 
(XXVIa). 
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Me**<L„),U(Y,-) POWftl. 
M^(L„) 3 U(Y,-)2 (XXv1c) ' 
Me**Lti(Li Js(Yi")a (XXVld) ' 

in which 
MeisRuorOs; 

Y, is the anion of a monobasic acid; 

L„ is a phosphine of the formula XXIII or XXIIIa according to claim 72. 
L t2 is a neutral ligand; 

L„ is cyclopentadienyl which is unsubstituted or substituted by C,-C,alkyi; and 
L M isCO. 

75. A process for the preparation of crosslinked polymers by metathesis 
polymerization, wherein a composition of 

(a) a catalytic amount of a one-component catalyst for metathesis polymerization 

and t 

(b) at least one polymer with strained cydoalkenylene radicals bonded in the 
polymer backbone, alone or mixed with strained cydootefins, 

(c) is polymerized by heating. 

(d) is polymerized by irradiation, 

(e) is polymerized by heating and irradiation. 

(f) the one-component catalyst is activated by brief heating and the polymerization 
is brought to completion by irradiation, or 

(g) the cne-component catalyst is activated by brief irradiation and the 
polymerization is brought to completion by heating. 

76. A process according to daim 75. wherein the heating is carried out at a 
temperature of 50 to 300°C. 

77 A crosslinked m tathesis polymer of at least one polymer with strained 
cydoalkenyl radicals bonded in the polymer backbone, alone or mixed wrth 
strained cycloolefins. 

78. A coated carrier material, wherein a layer of a composition according to claim 
1 is applied to a substrate. 
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79. A coated carrier material with a crosslinked layer of a composition according to 
claim 1. 

80. A shaped article of crosslinked metathesis polymers of at least one polymer 
with strained cycloalkenylene radicals bonded in the polymer backbone, alone or 
as a mixture with strained eydoolefins. 

81 . A process for the preparation of coated materials or relief images on carrier 
materials, in which a composition according to daim 1 and. if desired, a solvent 
are applied as a layer to a carrier, if desired the solvent is removed, and the layer 
is irradiated or heated tor polymerization, or the layer is irradiated through a 
photomask and the non-irradiated portions are then removed with a solvent, and. 
If desired, the resulting relief image is after-heated. 

82. A polyepoxide with recurring structural elements chosen from the group of 
structural elements of the formulae (b). (c). (d) and (e) 



[-CH r CH(OH)-CH r O-Ro5-0-CH 2 -CH(OH)-CH r O- 
-R«-0- 

l-CHrCH^HJ-CHrO-RorO-CHa-CHtOHJ-CHrO- 
-Res-O- 



(b) . 

(c) . 
«J). 
(e). 



with the proviso that they contain at least structural elements of the formulae [sic] 
(b) or (c) or both, in which R» and R« independently of one another are a divalent 
radical of a strained cycloolefin or a divalent radical with a strained cycloolefin. Ro, 
is a divalent radical of a diglycidyl ether reduced by the glycidyloxy groups and R* 
is a divalent radical of a did reduced by the hydroxyl group. 

83 A polyester having identical or different structural elements chosen from the 
group of structural elements of the formulae (f). (g). <") and (i). where at I ast the 
structural elements of the formulae (sic) (f) or (g) or both must be present 
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-C<0)-Ro»-C«»- 



(f>. 



-0-Ro, 0 -0- 



-C(OJ-Ro«-C(0}- 



(h). 



-0-fWO- 

in which Ro. and Ro, 0 independently of one another are a divalent radical of a 
strained cydoolefin or a divalent radical with a strained cydoolefin. R^isa 
divalent radical of a dicarboxylic acid reduced by the carboxyl groups and Ron is a 
divalent radical of a diol reduced by the hydroxyl group. 

84 A pclyamide having identical or different structural elements chosen from the 
group of structural elements of the formulae fj). (k). (0 and (m). where at least the 
structural elements of the formulae [sic] © or (k) or both must be present 

-C(0)-Ro,3-C(0)- ©• 

-NH-Rou-NH- W ' 

-CtOJ-RwrCtO)- (0, 

-NH-Ro,«-NH- 

in which Rqu and R, M independently of one another are a divalent radical of a 
strained cydoolefin or a divalent radical with a strained cydoolefin, R™ « a 
divalent radical of a dicarboxylic add reduced by the carboxyl groups and R,« » a 
divalent radical of a diamine reduced by the amino groups. 

85 A polyurethan and polyurea or copolymer thereof having identical or different 
structural lements chosen from the group of structural elements of the formulae 
(n), (o). (p) and <q). where at least the strudural elements of the formulae ls,c) (n) 
or (o) or both must be present 
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-CfOJ-W-RwrNH-CtO)- (">- 

-Xoj-Ron-Xor 
-CpJ-NH-RwrNrWO)- 

-Xcj-Rfljo-Xor 

in which Ro, ? and FU independently of one another are a divalent radical of a 
strained cydootofin or a divalent radical with a strained cyctoolefin. is a 
divalent radical of a diisocyanate reduced by the cyanate groups and R. » a 
divalent radical of a diamine or of a dio. reduced by the amino or hydroxy, groups, 
and the X„ independently of one another are -O- or -NH- 

86 A ^polymer of strained cyders with fused at least bfcyefic cydoaliphatic 
dienes which contain at least two olefinic double bonds in different rings and 
etnytenically unsaturated comonomers. with the exception of copolymers of 
norbornene with ethylene and. if desired, further oMInfc comonomers. 

87. A copolymer according to claim 88. wherein it contains recurring structural 
elements of the formula (r) and of the formula (s) 

sCH-R<ai-CH* ® 



J- f* (s). 
Ron ^084 



IT** is C-C^n.. onto *hich an M«M bavins 2 to 6 C atom. * 
bonoed direcUy or via a fu. d-on cdoafcylon. nog bavin, S to 8 C 



-COOH. •C-O^.-Calkyl. W 

-C(0)-NH,; 



Ron 
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R„ &H, F.aCNorC,-C,^»tyl'. 

r? bHFaC^OHC.-C^C.-C.^.phtnylwW*" 

*" ^^ OT ^^b»OH.C,Br.C,^.C,-C^ 

«0)OCC„a,M. -SCH. «Oft -C<0)^C.-C,^y< or - 

SOrC-C-kyl or Is -C(0)OH. ^0)CW^, 1 hydro«ifln<yl. 
«OKW:.-C M -M. -WOhNH, or -CtOHtKSr*-** «* 
Ra, teRForC-dalkyl. 

aa a oolvmef with a carbon backbond, which to a nwtathasis polymers of atralned 

a doub* bond In nn, and ur^ 
^I™ re . o, w«c* o^ic do** bond. In m. r-ty™ taCcbon. » 

^^Jraactfon to *. cyco^-n. radfcal, nav» 9 6 .0 14 C 

atoms. 

89.Apo.ymeraccor^ 

recurring structural elements of the formula (t) 

—CH-CH- <t). 
A, 

in *hich A, is mono- or bicydic C^cloalkenylene. 

90. A po,mer accord to daim 88. wherein the metals po.ymer Lacuna] 

recurring structural unitsof the formula (u) 

— CH-CH- FW (u) 
A, 



and recurring structural elements of the formula (w) 

(w) 

-CH=CH-Ro»- 
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ferrrvula(s) according to claim 67. 

91. Apoly»*«*»« unsaturated monomers, of which the define 
1 - re*** - comp,«et, ** open- 

^^en, radica* h^ns h»* 6 to 14 C atoms. 

9 2. Ae^er^n 9 «.«Wm91.v^™inm.P^con«n.t«u^9 
rtojeWal^lemi^offhafonraitoW 



-CH-CH- (I), 

\ / 

A, 



in ,^hA,i.mor^«rbi=»c«cC r C*yd^^ 

93. A polymer according to dalm 92. wherein the polymer flacunal recurring 
structural units of the formula (y) 

fa (y) 

-HaC-CH^C-CH,- 



and recurring 



A, 

structural elements of the formula (z) 
^H 2 -CH=CR«rCH 2 - 

87. 
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Wf\ m"*^ rimers 



shaped articles, coatings and relief images. 



i 
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